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INTRODUCTION 
Women's low levels of attraction to and persistence in scientific fields is an important 
issue to educators, professionals, and the general public. Fields such as mathematics, physical 
science, and engineering have especially low numbers of women. This study examined factors 
related to persistence and attrition in engineering, physical science, and mathematical college 
majors, with attention to factors that impact women. 
Dramatic changes in the percentage of women in the workforce have occurred since World 
War II. In 1988 women constituted 45% of employed workers, compared to 28% in 1948 
(U. S. Department of Labor, 1989). However, despite women's participation in the 
workforce, occupations continue to be stratified by gender. Engineering, mathematics, and 
physical science fields employ particularly low proportions of women. As of 1980, women 
represented only a small percentage of the workforce in the areas of physical science (13%), 
mathematics (19%), and engineering (2%) (Vetter, 1982). 
Gender stratification in the workforce creates negative economic and social ramifications 
for individual women and society. At the individual level, women tend to be employed in jobs 
that are lower in pay and status than men. Even women with college degrees, on the average, 
earn less than men with only high school education (Weitzman, 1985). With projected 
shortfalls of engineers, mathematicians, and scientists in the future workforce (American 
Association of University Women, 1991), the under-utilization of women's abilities in these 
fields has costs at the organizational level as well. Furthermore, as employers work towards 
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diversity in the work environment, the scarcity of women in engineering, physical science, and 
mathematics could impede diversity goals. 
Paralleling the workforce, college women majoring in engineering, scientific, and 
mathematical majors are scarce. The National Science Foundation (1984) reported that only 
10% of earned bachelor's degrees in engineering went to women. Investigations into this 
phenomenon have focused on women's career decisions to choose or not choose a scientific 
college major or occupation. Although this research is important, there is an equal need for 
increased attention to the retention of women in these fields. 
In general, scientific and mathematical fields do not have strong "holding power" on 
students (Hilton & Lee, 1988). Many students opt out of these academic majors after 
entering college, and the attrition of men and women fi'om these courses of study is of 
concern. However, some studies have found a greater rate of attrition among women than 
men in engineering, scientific, or mathematical college majors (e.g. Ware, Steckler, & 
Lesserman, 1985). Given the small number of women who attempt these college majors, 
attrition within this group is especially discouraging. The experiences of women in these 
fields, and factors that influence retention, clearly warrant further consideration. 
Ability and interests are central to many theories of career choice. However, mathematical 
ability and interest alone do not fully explain gender differences in representation and 
persistence in engineering, physical science, and mathematics. For women with extremely 
high mathematics ability, mathematical ability is predictive of decision to pursue mathematical, 
scientific, and engineering fields. However, for the general population, mathematics ability 
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does not predict women's choices of related college majors (Ware, et al., 1985). Similarly, 
even though girls express strong interests in scientific and mathematical school subjects 
(American Association of University Women, 1991), they tend to restrict their occupational 
exploration to female-dominated occupations (Betz & Fitzgerald, 1987). There are many 
women who have the mathematical ability and interest to succeed in engineering, physical 
science, and mathematical fields, but who change to non-mathematical majors in college. 
Women encounter many barriers when they enter scientific, male-dominated occupations. 
Betz and Fitzgerald (1987) described external and internal barriers that interfere with women's 
participation in these fields. External barriers are hurdles imposed by societal sex-role 
expectations, and include experiences women have when they make nontraditional career 
choices. Lack of social support has been identified in the literature as an external barrier to 
women in these fields. Betz and Fitzgerald (1987) noted that lack of support fi-om family, in 
combination with lack of support fi"om the educational environment and its faculty, 
discourages women from entering engineering, physical science, and mathematics. 
Competitiveness in male-dominated fields has also been identified as an external barrier. 
The environment in engineering, physical science, and mathematics is often described as 
competitive. Eccles (1987) viewed competitiveness in these fields as a barrier to women 
because women tend to respond negatively to competitive environments. 
Internal or psychological barriers to women's participation in engineering, physical science, 
and mathematical fields have also been identified in the literature. Studies indicate that 
self-efficacy expectations (Bandura, 1977a, 1986) impact women's career choices. 
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Self-efficacy expectations describe an individual's beliefs that he or she has the ability to 
perform a behavior successfully. Hackett and Betz (1981) argued that women, when 
compared with men, receive less self-efficacy information about their skills in engineering, 
physical science, and mathematics, and hence have lower levels of self-efScacy expectations in 
these fields. 
Another internal barrier described in the literature is the conflict women feel about fulfilling 
the multiple roles of worker, mother, and spouse. Women's career decisions are made in 
context of expectations of other life roles, whereas men tend to view their life roles separately. 
Engineering, physical science, and mathematical fields may not be accommodating of the 
demands of other life roles. Kerr (1988) described the dilemma faced by women in premedical 
or computer science majors, noting that if women value other life roles, they may not want to 
commit themselves to a career that requires advanced education, geographical moves, and 
long hours. The expected trade-offs between the areas of work, relationship, and leisure are 
important for women's career decisions. 
An additional internal barrier may be the grade goals women impose on themselves. An 
"adequate" grade for continuing in an academic major (i.e. performance level would not 
preempt one from continuing in the major), may not be an acceptable grade for an individual, 
given his or her goals and self-expectations for performance. A possible factor in women's 
attrition in engineering and related fields may be dissatisfaction with performance, despite 
"adequate" grades. 
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Research guided by theory is needed to understand women's persistence in engineering, 
physical science, and mathematics. Fassinger (1990) noted that, while many studies have been 
done which identify predictor variables for women's career decisions, few examine the relative 
importance of variables and how they interact. Fassinger pointed to the need for theoretical 
guidance, to patch together the research. Brooks (1988) concurred, stressing that 
interventions to increase women's participation in scientific and mathematical fields should be 
guided by a theoretical framework. 
Researchers have turned to several theories to explain women's underrepresentation in 
engineering, physical science, and mathematics. Social learning theory (Bandura, 1986) has 
been used to explain career behavior in general, and women's career behavior in particular. A 
particularly useful component of social learning theory is self-efficacy expectations, a factor 
identified in the literature as a barrier to women's career participation in scientific and 
mathematical fields. 
Several studies illustrate the usefulness of using self-efficacy expectations to understand 
women's career behavior. College women expressed lower levels of self-efiicacy expectations 
than men for math-related occupations (Betz & Hackett, 1981). These results have also been 
demonstrated in disadvantaged students (Post-Kammer & Smith, 1986), in academically 
at-risk students (O'Brien, Brown, & Lent, 1989), and in junior high/high school students 
(Post-Kammer & Smith, 1985). Mathematics self-efficacy is predictive of choice of a 
math-related college major (Betz & Hackett, 1983; Lent, Lopez, & Bieschke, 1991), and of 
mathematics performance (Hackett & Betz, 1989; Siegal, Galassi, & Ware, 1985). 
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Self-efficacy expectations also were predictive of persistence in general (Multon, Brown, 
& Lent, 1991), and persistence in math-related college majors in particular (Lent, Brown, & 
Larkin, 1984). Self-efficacy expectations were predictive even when the variance attributable 
to math ability, high school grades, and interests was removed from the regression equation. 
Another theory receiving attention for explaining women's career behavior is 
expectancy-valence (Vroom, 1964). Expectancy-valence theory postulates that the strength 
of one's tendency to behave in a particular way is a function of expectations and values. 
Eccles (1987) theorized that women are not as confident in their abilities in math-related fields 
due to stereotypical gender role expectations. Thus, their expectations for positive outcomes 
associated with these fields are theorized to be lower than men's. With respect to the valence 
component, Eccles (1987) theorized that many women value other life roles as well as the 
worker role; hence, time and energy need to be distributed across several valued roles. 
Expectancy-valence theoiy has been applied to understanding mastery motivation 
(Atkinson, 1958: 1978). Tenets have also been used to predict students' academic choices 
(Parsons, Adler, Futterman, GofF, Meece, & Midgley, 1983), and career preferences (Wanous, 
Keon, & Latack, 1983). Expectancy-valence has been used to explain decisions to major in 
computer science (Lips & Temple, 1990), gender differences in mathematics achievement 
(Meece, Parsons, Kaczala, GofF, & Futterman, 1982), and women's career choice and 
development (Eccles, 1987). 
A third theory that has been useful in understanding women's career behavior is 
congruence (Holland, 1985a). Congruence is the degree of fit between an individual's 
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personal characteristics and the demands of an occupation or environment. Holland assumed 
that occupational choice is an expression of personality (including interests), ability, 
motivation, and knowledge. Congruence is correlated with academic persistence and stability 
of career choice (Spokane, 1985). Congruence theory predicts that women who persist in 
engineering, physical science, and mathematics college majors have interests that are 
congruent with the demands of these fields. 
Purpose of this Study 
Persistence in engineering, physical science, and mathematical fields is an important issue 
to educators, professionals, and the general public. The purpose of this study is to explore 
factors related to persistence and attrition of students in these college majors, with particular 
attention being given to the experiences of women. 
Variables in this study were selected based on their relevance to women's career decisions 
in the theories just described: social learning theory (Bandura, 1986), expectancy-valence 
theory (Vroom, 1964), and interest congruence theory (Holland, 1973). Self-efficacy theory 
was evaluated by measuring mathematics self-efficacy expectations and self-efficacy for 
technical/scientific fields. Sources of self-efficacy information were examined, and 
relationships between the sources and measures of self-efficacy were evaluated. 
Expectancy-valence theory were evaluated by measuring outcome expectations and life-style 
orientation. Congruence theory was evaluated by examining the fit between pre-college 
interests and original choice of college major. 
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In addition, ability and achievement, and theorized supports/barriers to women's career 
progress in math-related fields were examined. Supports/barriers that were included in the 
study were social support, perceptions of support from instructors, and perceptions of the 
environment as competitive. Interpersonal competitiveness, and grade goals for college also 
were measured. 
Theorized variables were compared, and the relationships between the variables and 
theories were examined. Along with expected gender differences, it was predicted that each 
theory studied would account for some variance in persistence in engineering, physical 
science, and mathematical college majors, and that a combination of variables from the 
theories would best explain variance in persistence of women. 
A tentative, parallel analysis was conducted using pre-college measures and first semester 
college grade point average as approximate measures of constructs in this study. This analysis 
focused on prediction. 
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REVIEW OF THE LITERATURE 
Gender Stratification of Labor Market 
Since Parsons' (1909) pioneering work on matching "men" with occupations, the study of 
career behavior has grown exponentially. Much of the early research and theory espoused a 
male perspective, focusing on career issues relevant to men (Osipow, 1983). 
Labor market demographics have changed dramatically since Parson's early work. In 
particular, women's accelerated rate of employment during and after World War II 
restructured the workforce in the United States. In 1948, women represented about 28% of 
the labor force. By 1968, 37% of the labor force was made up of women. This percentage 
jumped to 45% by 1988 (U.S. Department of Labor, 1989). 
Working women are diverse in age and marital status, and many are mothers. In 1978, 
39% of women with children under age three worked outside the home. In just the next ten 
years, this figure jumped to 52.5% (U.S. Department of Labor, 1988). In 1988, 33 million 
women with children under age 18 were employed. Sixteen million of these women had 
children under age six (U.S. Department of Labor, 1988). Thus, the family experience of 
women remaining home to raise their children is more the exception than the rule (Betz & 
Fitzgerald, 1987, p. 5), 
Despite similar rates of employment for men and women, occupations continue to be 
stratified by gender (Aneshensel & Rosen, 1980; Florentine, 1988; Harmon, 1981), and 
segregation in the workforce has negatively impacted women economically, socially, and 
personally. Overall, women are employed in occupations which are less prestigious than men 
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(Betz & Fitzgerald, 1987). Women's earning power continues to be much lower than that of 
men, with women on the average earning around 60% of what men earn (Ferraro, 1984). 
Weitzman (1985) plotted the wage differential across the life cycle for men and women, and 
found that, even with college degrees, women on the average earned less than men with four 
years of high school, and both groups earned considerably less than men with college degrees. 
Women are particularly underrepresented in math-related fields such as engineering, 
mathematics, and science (Eccles, 1987; Pfaflflin, 1984). As of 1980, women represented only 
a small percentage of the workforce in areas of physical science (13%), mathematics (19%), 
and engineering (2%) (Vetter, 1982). Although women are permeating some traditionally 
male fields, such as law, medicine, and business (Betz, 1989), they are still scarce in high 
level positions within these fields. Women make up only about 1 to 2% of senior executive 
level positions (U.S. Department of Labor, 1989). 
The underutilization of women's abilities in math-related fields has costs at the level of the 
organization as well as at the level of the individual. With projected shortfalls of 
scientists, engineers, and mathematicians in the future workforce (American Association of 
University Women, 1991), ignoring a potential source of capable workers could have serious 
consequences (Pfafflin, 1984). Also, as employers work towards diversity in the 
work environment, the scarcity of women with these skills could interfere with these goals. 
Gender Stratification of the Educational Environment 
Stratification at the educational level parallels that at the occupational level. The 
underrepresentation of women in math and engineering and physical science majors is 
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especially evident. College majors related to science, engineering, and mathematics tend to 
have a higher percentage of male students than female students (Eccles, 1987). Despite 
earning 50% of the bachelor's degrees in 1981 (U.S. Department of Commerce, 1989), 
women earned only 27% of the bachelor's degrees in science and mathematics (Ware, 
Steckler, & Leserman, 1985). 
Some fields within science, such as engineering, have particularly low concentrations of 
women. The National Science Foundation (1984) reported that only 10% of earned 
bachelor's degrees in engineering went to women. Lovely (1987) reported that, at the City 
University of New York, 3.2% of the entering freshwomen expressed an interest in majoring 
in engineering or computer science (compared with 8.6% of the men). In the physical 
sciences, again more men expressed interest than women (11% vs. 6%). Lovely found more 
balance when examining the life sciences, with 13% of women expressing an interest 
compared with 11.6% of the men. 
Even women with extremely high mathematical ability are underrepresented in college 
math and science majors, when compared with their similarly talented male peers. Sanders, 
Benbow, and Albright (1992) reported that young women from the top 1% mathematical 
ability level were greatly underrepresented in scientific fields. Lubinski and Benbow (1992) 
reported that within this select group of women with extreme mathematics ability, less than 
1% were pursuing doctorates in mathematics, engineering, or physical science. This compares 
with 8% of mathematically precocious men who were pursuing doctorates in these fields. 
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Women are entering nontraditional educational programs at higher rates than in the past. 
Hilton and Lee (1988) compared high school seniors in 1972 and 1982, and observed that the 
number of young women planning a math or science college major nearly doubled. Even with 
this increase, men still outnumbered women two to one. Berryman (1985, in Ethington & 
Wolfle, 1987) argued that this increase reflects the growth of women pursuing higher degrees 
in general, and not necessarily changes in attraction to scientific fields. In other words, 
increase in the percentage of women entering science and mathematics parallels their increased 
entry into other fields. Harmon's (1981) longitudinal data are consistent with this observation. 
In order to rectify inequalities in the workforce with regard to gender representation, 
changes must be implemented at the educational level, because education serves as a "critical 
filter" for entry into many fields (Sells, 1980). Without adequate training and education, 
women and men preempt themselves from pursuing some occupations. 
Attraction to Scientific and Mathematical Fields 
Early attraction to math and science is paramount to becoming a science major. Lovely 
(1987) pointed out that scientific tracks in college allow little room for exploration because 
the curriculum is structured and builds on previous work. Thus, transferring into a scientific 
college major may be much more difficult than transferring into other majors. Berryman 
(1985, in Ethington, 1987) concurred, adding that after the ninth grade, most of the migration 
is away fi'om math and science and not into these fields. 
To pursue a science or mathematics related academic major in college, students need 
adequate high school mathematics and science preparation (Ethington & Wolfle, 1988; Sells, 
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1973). However beginning in high school, when given the freedom to select courses, young 
women tend to enroll in fewer math and science courses than young men (Brewer & Blum, 
1979; deWolf, 1981; Ernest, 1976; Hackett & Betz, 1989). This trend is true for high-ability, 
college bound young women (Eccles, Adler, & Meece, 1984). The trend also holds for 
"mathematically precocious" young women (Benbow & Minor, 1986). Benbow and Minor 
reported results from an ongoing longitudinal Study of Mathematically Precocious Youth 
(SMPY), representing the top 1% of mathematical ability. They reported that only 56% of 
this group of mathematically talented young women completed a full sequence of high school 
science courses, compared with 74% of young men with similar mathematical ability. 
Mathematics is a prerequisite for many majors beyond mathematics and physical science, 
including business administration, economics, health science, and many other scientific areas 
and engineering (Betz & Fitzgerald, 1987). As Betz and Fitzgerald (1987) pointed out, the 
avoidance of mathematics at the high school level severely limits the range of career options 
available to students at the college level. 
Persistence in Scientific and Mathematical Fields 
In conjunction with attracting women to nontraditional fields, attention must be given to 
retaining them in these fields. Unless women persist in these majors, little change in 
occupational concentration will result. This perspective addresses women's attainment of 
expressed career goals, which is a neglected area of research (Jenkins, 1989). 
In general, scientific and mathematical fields do not have strong "holding power" on 
students (Hilton & Lee, 1988). Many students opt out of these majors after entering college. 
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Data are mixed in observed gender differences in persistence rates. Some studies reported 
higher persistence rates for men than women in college science and mathematics majors 
(Lovely, 1987; Ott, 1978; Sanders, Benbow, & Albright, 1992; Ware, Steckler & Lesserman, 
1985; Whigham, 1985). Conversely, Hilton and Lee (1988) found that young women 
persisted in science at a higher rate than young men between high school and first year in 
college. Because Hilton and Lee examined students at an earlier stage than the other studies, 
it is unclear whether these findings are in fact inconsistent with other results. 
Attrition of men and women fi^om mathematics and sciences is of concern. However, 
given the small number of women who attempt these majors, attrition within this group is 
especially discouraging. Of interest are the reasons students leave these areas. Exploring the 
reasons as well as the actual rates would provide insight into the attrition of men and women. 
It must be pointed out that some degree of academic major change is expected, and thus is 
normal for undergraduates. A typical student who enters college directly fi'om high school 
may be expected to experience some changes in projected career direction. Some theorists 
would argue that this time period is one of refining and sharpening one's self-concept, and 
one's career self-concept would certainly be an area of consideration. For example, Erikson 
(1968), in describing the identity formation process in adolescence, theorized that one of the 
most important challenges relates to the formation of an occupational identity. Blusteen, 
Devenis, and Kidney (1989) found empirical support that processes associated with identity 
formation (exploration and commitment) are strongly related to aspects of career 
development. 
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It could be argued that, through the experience of college, students gain additional 
information about themselves (interests, abilities, values), and about occupational fields. 
Changing majors may simply be a logical response to added information and redefined goals 
and ambitions. Crites (1969) described realism as the refining of career goals to match 
abilities. College students may be making realistic choices which necessitate changes in 
academic courses of study. 
Of interest is how the college experience impacts goals, ambitions, and career choice. The 
general purpose of this study was to explore factors related to perseverance of students in 
scientific educational programs. Specifically, factors theorized to influence persistence in and 
attrition fi-om academic majors were examined, with particular attention being given to 
issues relevant to students in nontraditional fields. Because women tend to be 
disproportionately affected by gender differences in occupations (with respect to income and 
opportunity), and because women are less likely than men to enter scientific and technical 
fields (Florentine, 1988), the focus of this study will be on the experiences of women who 
aspire to scientific, mathematical, and engineering majors. 
Theoretical Explanations for Differential Attraction 
and Persistence in Scientific Fields 
Mathematical Ability 
Mathematical Ability and Vocational Choice and Persistence 
Ability is a variable of significant relevance to vocational choice. Well-designed inventories 
that measure ability and related constructs, such as achievement, aptitude, and intelligence, are 
16 
predictive of vocational choice and persistence (Crites, 1992). Mathematical ability is 
important to choice of careers in fields such as engineering, mathematics, and physical 
sciences. 
Theories of vocational choice incorporate aspects of ability. Osipow (1983) summarized 
the role of ability in various theoretical perspectives, noting that theories difiFer in the 
importance placed on ability in explaining vocational choice. For example, the theory of work 
adjustment (Dawis & Loftquist, 1984) incorporated performance and aptitude into the theory, 
relating it to "satisfactoriness" on the job. Holland (1973) viewed intelligence as influencing 
the level to which an individual aspires in an occupation. Crites (1992), in his model of career 
maturity in adolescence and adulthood, identified three areas which influence realism of career 
choices: abilities, interests, and personality. Super (1953) theorized that aptitudes should be 
taken into consideration in making a career decision. All of these theories would predict that 
mathematical ability would be related to choice and persistence in engineering, mathematics, 
and physical science. 
Gender Differences in Mathematical Ability 
Gender differences in representation in mathematics and science could conceivably be 
explained by observed gender differences in mathematical ability. While far fi-om conclusive, 
findings of a male advantage on mathematical ability tests are well documented (e.g. Fennema 
& Sherman, 1977, 1978; Maccoby & Jacklin, 1974). For instance, Benbow and Stanley 
(1980) documented higher average scores for male over female seventh and eighth grade 
students on the SAT-Math test. Using data from the National Assessment of Educational 
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Progress, Fennema and Carpenter (1981) found gender differences favoring high school boys 
over high school girls, especially in high cognitive-level tasks. 
A mathematical advantage favoring males is not present for all aspects of mathematical 
performance. Stage, Kreinberg, Ecoles, and Becker (1985) reviewed the extant literature, and 
concluded that at the high school level, boys outperform girls on tests of mathematical 
reasoning, but there are no gender differences in algebra and basic mathematics knowledge. 
They reported that in some studies, girls outperformed boys in tests of computational skills. 
When interpreting gender differences in performance, several caveats must be considered. 
To begin with, finding significant gender differences in ability measures does not necessarily 
mean that these differences have practical significance. Hyde (1981), in a meta-analysis of the 
literature, concluded that the actual gender differences were small, in spite of being 
statistically significant. Finding small but significant differences is common in psychological 
studies. These differences may have theoretical relevance, but they have limited practical 
utility in predicting achievement scores in the general population. Furthermore, using these 
small differences to explain underrepresentation of women in science and mathematics ignores 
the great overlap between the sexes in achievement scores. Betz and Fitzgerald (1987) agreed 
that small effect size in combination with variability within gender, severely limits the practical 
utility of using gender to predict achievement scores in the general population. 
Second, gender differences on achievement tests in the general population tend to shrink 
when the number of mathematics courses taken is controlled (Fennema & Sherman, 1977). 
For example, Lapan, Boggs, and Morrill (1989) found that when high school math preparation 
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is partialled out, gender is no longer predictive of variance in ACT math scores. There is a 
strong relationship between mathematics achievement scores and mathematics preparation 
(Ernest, 1976). 
Third, much attention has been given to the male advantage in standardized test scores, 
while ignoring the female advantage in class grades in mathematics. In general, from junior 
high school through college, female students outperform male students in mathematics class 
grades (Kimball, 1989). Again, this advantage is small, but should be considered in balance 
with observed gender differences in standardized test scores. 
Gender has limited utility in predicting mathematical performance in the general 
population, given the small magnitude of the difference between men and women in the 
general population. However, for those at the top end of the distribution on mathematical 
ability, gender appears to be predictive. Benbow (1987), as part of her longitudinal study of 
mathematically gifted youth, reported that gender was related to extreme mathematical ability. 
Her results were part of a longitudinal Study of Mathematically Precocious Youth (SMPY), 
with early results reported in a number of publications, including Benbow and Stanley (1980, 
1983). Preadolescent boys and girls were included in the Study of Mathematically Precocious 
Youth if they had extremely high scores on the Scholastic Aptitude Test-Mathematics (SAT, 
Educational Testing Service). Recent reports on this data continued to document gender 
differences favoring mathematically precocious males over females in mathematics ability 
(Lubinski & Benbow, 1992). 
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It is with these mathematically precocious youth that gender appears to be most predictive. 
Hyde, Fennema, and Lamon (1990) used meta-analysis to review the literature, and found that 
as the sample became more select with respect to ability level, the reported gender differences 
increased. Benbow (1987) agreed, noting that gender differences in mathematical ability 
appear to be greatest among the most talented. Also, these gender differences appeared as 
early as seventh grade, before boys and girls diverge in their mathematical course-taking 
(Benbow & Stanley, 1982). Stage et al. (1985) concluded that gender differences in 
mathematics performance may emerge earlier among the gifted subgroup when compared with 
the general population. 
With these mathematically precocious youth, a biological component to mathematical 
ability has empirical support. Benbow (1987) reported physical correlates with extreme 
mathematical ability, including left-handedness, symptomatic atopic disease (allergies), 
myopia, and gender. She suggested that there may be a biological component to extreme 
mathematical reasoning ability. 
Benbow (1987) did not eliminate the contribution of environmental factors in mathematical 
ability. However, Benbow and Stanley (1983) noted that with their sample of mathematically 
precocious students, no gender differences on attitudinal and background factors were 
observed, suggesting that environmental factors alone do not account for extreme 
mathematical ability. 
Social or cultural factors may add to the predictiveness of participation in mathematics and 
science (Meece, Parsons, Kaczala, Goflf, & Futterman, 1982). When gender differences are 
20 
observed in the general population, they typically do not occur before adolescence (see 
Kimball, 1989 for a review). Although gender differences have been documented before 
adolescence in the population of mathematically precocious (e.g. Benbow & Stanley, 1980), 
as Sherman (1980) pointed out, in the general population gender differences in interest and 
achievement in mathematics do not occur before gender-typed attitudes develop. By junior 
high school, cultural gender-role expectations could account for observable differences in 
mathematical participation between the sexes (Maccoby & Jacklin, 1974). 
The importance of culture and social gender-role expectations is supported by studies that 
look at non-Caucasian populations. Schratz (1978) found a female advantage in mathematical 
achievement when studying non-Caucasian students. Brandon, Newton, and Hammond 
(1987) found a female advantage on standardized mathematical tests among Filipino, 
Hawaiian, and Japanese students. 
Brandon et al. (1987) suggested that culture may be important when describing gender 
differences in mathematical achievement. Betz and Fitzgerald (1987) agreed, noting that 
Asian women do not seem to be as suppressed as Caucasian women in their participation in 
mathematics and science. Brandon and associates described a continuum, varying by 
ethnicity, ranging ffom a moderate female advantage to a large male advantage in 
mathematical achievement. 
Clearly, a number of factors influence participation in mathematical and scientific fields. 
Mathematical ability is an important variable for decisions to pursue engineering, mathematics, 
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and physical sciences. However, mathematical ability alone does not account for gender 
differences in participation in these fields. 
Mathematical Ability and Women's Vocational Development 
Many women who may have the ability to succeed in mathematics and science do not 
pursue these fields. In their sample of students planning on pursuing a scientific academic 
major. Ware, Steckler, and Leserman (1985) found that grades in fi-eshman science classes 
were predictive for men's choice of a college major in science, but were unrelated to women's 
decisions. In fact, the women in this sample had slightly higher grades in their science courses 
in college than did the men. 
Women who pursue mathematics and science majors represent a small range of 
mathematical ability. These women tend to be clustered at the very high range of mathematics 
ability, as measured by standardized tests (Sherman & Fennema, 1977; Ware et al, 1985). 
Men who pursue these fields represent a wider spectrum of mathematical ability scores than 
women. 
Even in the population of mathematically gifted women, many avoid careers in related 
fields (Hollinger, 1983). Gifted girls also tend to express less confidence in their abilities than 
their male peers (Fennema & Sherman, 1977). 
In sunmiaiy, lack of mathematical ability alone does not explain the scarcity of women in 
scientific and mathematical fields. Except for women with the highest levels of ability in 
mathematics and science, mathematics ability does not predict women's choices of related 
scientific majors. There are still many women who have the mathematical ability to succeed in 
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engineering, physical science, and mathematical fields, but who choose unrelated career paths. 
Clearly, factors in addition to ability impact career choices for men and women. However, for 
women, additional factors appear to be especially salient. 
Mathematical Interests 
Mathematical Interests and Vocational Choice and Persistence 
Interests are considered important variables in education and in industry (Hansen, 1984). 
Most theories of career behavior incoiporate interests as a component. For example, 
Ginzberg, Ginsberg, Axelrad, and Herma (1951), in their stage-oriented theory of career 
development, saw interest as an important substage of their Tentative period. Roe (1957) 
theorized that vocational interests and choice develop out of family relationship factors. 
Holland (1973) viewed interests as a component of personality in general. Holland's 
theory has been particularly useful in understanding vocational choice and persistence. 
Briefly, Holland outlined six personality themes by which persons and occupations can be 
categorized: Realistic, Investigative, Artistic, Social, Enterprising, and Conventional. These 
themes are arranged in a hexagon, and themes that are similar are arranged closest to each 
other. 
Holland's theory, with its six personality orientations, is used as an organizational structure 
for several interest inventories. Frequently used interest inventories that integrate Holland's 
structure are the Strong Interest Inventory (SII, formerly the SCII and the SVIB, Hansen, 
1984), the Vocational Preference Inventory (VPI, Holland, 1973), and the Self-Directed 
Search (SDS, Holland, 1971). 
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Interest inventories have demonstrated predictiveness regarding career preference, choice, 
and satisfaction. Holland (1962) found correlations between measured high point code (using 
the VPI) and subject's first career choice. O'Neil, Magoon, and Tracey (1978) studied a 
sample of men whose high point was "Investigative" on the Self-Directed Search. They found 
that the "Investigative" score was predictive of field of job entiy, academic major at 
graduation fi-om college, and career plans. Mount and Muchinsky (1978) found that workers 
whose SDS high points were congruent with their occupation had higher levels of satisfaction 
with work-related variables such as pay, promotion, co-workers, and supervision. 
Interest Congruence 
Holland's concept of congruence has received attention for understanding vocational 
choice and persistence. Congruence, as defined by Holland (1985a) is the degree of fit 
between an individual's personal characteristics and the demands of an occupation or 
environment. Holland assumed that occupational choice is an expression of personality 
(including interests), ability, motivation, and knowledge. 
Spokane (1985) reviewed the literature on congruence and found a relationship between 
congruence and academic persistence and stability of career choice. Congruence is also 
related to satisfaction (Assouline & Meir, 1987), job tenure, and satisfaction with work and 
supervision (Weiner & Klein, 1978). 
Gender differences in mathematics and the sciences could conceivably be explained by 
differences in congruence with these fields. If women have less interest in science and 
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mathematics than men, and hence lower degree of congruence with these areas, then lower 
levels of persistence and less stability of career choice in scientific areas would be predicted. 
Gender Differences in Interests 
Women continue to restrict their career exploration to female-dominated occupations 
(Betz & Fitzgerald, 1987). Even at early ages, girls and boys express interests in 
gender-stereotyped occupations. Kreinberg (1985, cited in Eccles, 1987) surveyed primary 
and secondary school children on their interests in fifteen careers. There were large gender 
differences in traditionally male and traditionally female occupations. Male students expressed 
a much greater degree of interest in scientific, engineering, and computer science than did 
female students. Conversely, female students expressed interest in careers in teaching, 
nursing, and clerical work at higher rates than did male students. 
While occupational interests may be restricted by sex-stereotyping, young girls appear to 
have strong interests in scientific and mathematical school subjects. The American 
Association of University Women (1991) explored children's attitudes towards mathematics 
and science. Their sample was cross sectional, surveying three thousand children in grades 
four through ten. In the elementary school years, both girls and boys expressed high levels of 
enjoyment of mathematics and science. However, by high school, there was a drop in the 
percentage of students who enjoy science and mathematics. This drop was more drastic for 
young women than young men. In elementary school, 81% of the girls said that they liked 
math. By high school, only 61% responded that they liked math. For the boys, the drop was 
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not as dramatic from elementary to high school (84% versus 72%). Similar results were 
found for attitudes towards science. 
Because these data compare different cohorts, it is difficult to tease out competing 
explanations for the differences between groups. One plausible explanation is that, as children 
age, their interests in mathematics and science decrease, and this decrease is more pronounced 
for women. However, other factors may be contributing to this difference. 
The proportion of high school girls who like mathematics and science still might provide a 
significant pool for "future scientists." In high school, 61% said that they liked mathematics, 
and 63% said that they liked sciences. However, as Hackett and Betz (1989) pointed out, it is 
in high school that female students fall behind males in mathematics and science courses. In 
high school and college, women enroll in fewer mathematics courses than men, and men 
outnumber women in choosing mathematics as a college major (Ernest, 1976; Hewitt & 
Goldman, 1975; Wilson, 1982). 
Interests and Women's Vocational Development 
From childhood on, women tend to express interests in occupations which are gender 
stereotyped (Gregg & Dobson, 1980). Even women with interests in nontraditional fields 
tend to pursue occupations unrelated to mathematics and sciences (e.g. Knapp, Knapp, & 
Knapp-Lee, 1985; Swaney & Prediger, 1985). 
Factors other than interests appear to impact women's career choices. Astin (1968) 
examined Project Talent data and found that interests in ninth grade were good predictors of 
twelfth grade occupational plans. However, when Astin and Myint (1971) followed up these 
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girls five years later, they found that marriage, socioeconomic status, and scholastic aptitude 
were the best predictors of occupational choice. 
There is some evidence that cultural factors may influence decisions of women to pursue 
nontraditional occupations. Findings of Astin (1969) and Helson (1971) suggested that 
women who were foreign bom, or had parents who emigrated to the United States, have a 
greater likelihood to pursue nontraditional occupations. Bernard (1972) found that Chinese 
high school women were more likely than white, black, or Puerto Rican women to aspire to 
nontraditional fields. Leung (1989) asked college students to indicate which occupations they 
had considered in their life. Leung found that Asian American women were less traditional in 
their considerations than white Americans. 
In summary, the data do not support that women as a group avoid mathematics and 
science careers because of lack of ability. Also, elementary school girls express interest in 
mathematics and science, but by high school age, there is a large decrease in interest among 
young women. In order to understand women's decisions to avoid mathematical career 
choices, one must explore intervening factors which shape career experiences and choices. 
Clearly, to increase women's participation in nontraditional fields, interest needs to be fostered 
and skills must be developed. Furthermore, unless women persist in mathematical and 
scientific pursuits, no changes will be observed in gender representation. 
Self-Eificacv Expectations and Vocational Choice and Persistence 
Self-efficacy expectations (Bandura, 1977a, 1986) describe an individual's beliefs that he or 
she has the ability to perform a behavior successfully. Self-efficacy has been theorized to 
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impact behavior choice, effort, and persistence in the face of obstacles (Bandura, 1977a, b, 
1986). 
Self-efficacy is a component of social learning theory (Bandura, 1977b). Social learning 
theory has been very useful for understanding career behavior in general, and women's career 
behavior in particular. Social learning theory is behavioral in orientation, but self-referent 
thinking is also a central component of the theory. Thus, Bandura (1986) relabeled his theory 
"Social Cognitive Theory," to better describe the breadth of concepts encompassed by his 
theory. According to Bandura, learning and behavior are influenced by three interacting 
sources of information: 1) background influences (e.g. gender, social economic status, 
ability); 2) psychological (or personal) variables (e.g. attitudes, previous experience); and 3) 
environmental and social influences. 
Social learning theory has been useful in understanding career decision making (e.g. 
Mitchell, Jones, & Krumboltz, 1979; Mitchell & Krumboltz, 1984), and career and 
achievement motivation (Farmer, 1985). Self-efiBcacy expectations have been particularly 
useful for understanding career behavior. While appropriate for framing the career 
development of men and women, Hackett & Betz (1981) focused on self-efficacy's application 
to women. Their conceptual framework stimulated a wealth of empirical research. Betz and 
Hackett (1986) coined the term "career self-efficacy" to describe efficacy with respect to the 
spectrum of behaviors relevant to career choice and persistence. Self-efficacy theory is 
described below, followed by a summaiy of research relevant to career self-efficacy. 
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Bandura (1986) hypothesized that self-efficacy information is drawn from four main 
sources. The first source is enactive attainment, or information from performance 
accomplishments. Bandura theorized that enactive performance information may have the 
greatest impact on self-efficacy expectations. The second source of information is vicarious 
experience, or learning through observing the behavior of others. The third source of 
information is verbal persuasion, or the discouragement or encouragement from others. The 
last source of self-efficacy information is emotional arousal, or the physiological response 
(e.g., anxiety) associated with engaging in behaviors. Bandura described these sources of 
efficacy information as interacting. 
Hackett and Betz (1981) argued that women, through socialization, receive less 
self-efficacy information in male-related activities. This perspective offers insight into 
tendencies for women to avoid male-dominated occupations. Specifically, they theorize that 
women are socialized to engage in "feminine" typed behaviors, leaving them with fewer 
opportunities to learn from performance accomplishments outside the realm of traditionally 
female activities. Additionally, women have more role models engaged in traditionally female 
behaviors and fewer role models in nontraditional roles, minimizing the impact of vicarious 
experiences to build self-efficacy. Also, engaging in unfamiliar behaviors (often cross-gender 
behaviors) could create anxiety, which is debilitating for performance and building 
self-efficacy expectations. Hackett and Betz also pointed to higher levels of anxiety in women 
than men. Finally, they argued that women typically are not encouraged by family and friends 
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to engage in nontraditional behaviors, further limiting access to self-efficacy information for 
nontraditional behavior. 
Research data relevant to self-efficacy and women's career behavior are summarized in 
subsequent sections. The bulk of this research tested the explanatory value of self-efficacy 
principles in regard to gender differences in career behavior. Most studies used a general 
sample of subjects, and the criterion variable typically was choice of an academic major or 
occupation, or range of occupations considered. These studies highlight variables relevant to 
attraction and persistence in scientific and mathematical fields. 
Gender Differences in Self-Efficacv Expectations 
Research support for Hackett and Betz' (1981) framework is provided through a number 
of studies. When a variety of occupations are presented, women and men do not appear to 
differ in overall level of self-efficacy expectations. However, when considering 
male-dominated occupations, women express lower levels of self-efficacy expectations than 
men. These findings have been demonstrated in college students (Betz & Hackett, 1981), in 
disadvantaged students (Post-Kammer & Smith, 1986), in academically at-risk students 
(O'Brien, Brown & Lent, 1989), and junior high/high school students (Post-Kammer & Smith, 
1985). Consistent results were obtained when majors were substituted for occupational 
names (O'Brien, Brown & Lent, 1989). 
In addition to having lower levels of self-efficacy expectations than men for nontraditional 
activities, women tend to narrow their range of career choices accordingly. Nevill and 
Schlecker (1988) and Layton (1984) separately found positive relationships between level of 
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self-efKcacy and willingness to consider nontraditional occupations for college women. Lent, 
Brown, and Larkin (1986) found that measured self-efficacy is a valuable predictor of range of 
occupations considered. 
Men and women in college appear to differ in their self-efficacy expectations for 
male-dominated activities. It is unclear if these gender differences are present in the select 
group of men and women majoring in science and mathematics. Findings by Lent, Brown, 
and Larkin (1984, 1986) suggested that there are not gender differences in this population. 
Lent and associates adapted Betz and Hackett's (1981) self-efficacy scale to reflect fifteen 
scientific and technical occupational titles. Their subjects were freshmen and sophomore 
science and engineering students who were enrolled in a career course. Both studies used 
relatively small samples, suggesting caution in interpreting their findings. More data are 
needed to establish whether or not gender differences occur in this select population. 
In summary, women and men do not seem to differ in their overall levels of self-efiBcacy 
expectations with respect to occupations. Rather, gender differences are found when 
traditionaiity of occupation is taken into consideration. Unlike their female peers, the 
self-efficacy expectations of men seem to be unaffected by traditionaiity of occupation. 
Because self-efficacy expectations are in turn related to range of career options explored, this 
variable appears to be important in understanding relevant factors in gender differences in 
attraction to occupations. The relationship between self-efficacy and gender among a select 
group of science or mathematics aspirants is still an empirical question. 
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Mathematics Self-Effficacv 
A specific area of interest is mathematics self-efficacy. Mathematics preparation is critical 
to entry into many fields; hence, special attention has been given to self-efficacy with regard to 
mathematics. Betz and Hackett (1983) developed a measurement tool to assess mathematics 
self-efficacy expectations. Their measure included questions about subjects' confidence in 
their ability to complete everyday mathematics tasks, to complete college math-related 
courses, and to complete math word problems. They found that men expressed higher levels 
of mathematics self-efficacy than women, which corresponds with men's greater likelihood to 
major in related fields. Other studies have also found higher mathematical self-efficacy scores 
for men than women (Lapan, Hoggs, & Morrill, 1989; Lent, Lopez, & Bieschke, 1991; 
Matsui, Matsui, & Ohnishi, 1990). 
Hackett and Betz (1989) distinguished mathematics self-efficacy fi^om a related construct, 
confidence in learning mathematics (Fennema & Sherman, 1976). However, research findings 
using measures of the constructs are very similar, which raises questions about the distinction 
between the constructs. For example, Fennema and Sherman (1978) surveyed junior high 
students, and found that, despite similar mathematics achievement scores, girls expressed 
lower levels of confidence than boys. 
As noted by Lent et al. (1991), the magnitude of gender differences in mathematics 
self-efficacy is not large, and it may reflect the greater tendency for men to enroll in more 
mathematics courses than women before college (Betz & Hackett, 1983; Lapan et ai., 1989). 
However, Lapan, Boggs, and Morrill's (1989) path analysis demonstrated that mathematics 
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self-efficacy and high school mathematics preparation independently contributed to the 
prediction of scientific interests. Thus, both mathematics self-efficacy and mathematics 
preparation appear to be salient for career behaviors. 
Mathematics self-efficacy appears to be predictive of choice of a math-related college 
major (Betz & Hackett, 1983; Lent, Lopez, & Bieschke, 1991). Lent et al. (1991) found that 
interests mediated the effects of math self-efficacy on science-related career choices, 
suggesting that the relationship is not a simple one. 
Hackett (1985) used path analysis to explore relationships between mathematics 
self-efficacy and other variables related to college major choice. She found that mathematics 
self-efficacy was a mediational variable in predicting the pursuit of math-related majors. 
Hackett controlled for prior math achievement, and still found that math self-efficacy 
predicted gender differences in math-related college major choice. Math self-efficacy 
contributed the most to predicting choice of mathematically-related academic major, when 
compared to gender, high school mathematics courses taken, ACT mathematics score, and 
math anxiety. Gender-role socialization was also found to be predictive of college major. 
Mathematics self-efficacy appears to be related to mathematics performance. Siegal, 
Galassi, and Ware (1985) found that social learning variables (including self-efficacy 
expectations) accounted for variance in mathematical performance. Hackett and Betz (1989) 
found similar results. Hackett and Betz also found that both mathematics performance and 
mathematics self-efficacy were positively correlated with a mathematical college major, 
attitudes toward mathematics, and masculine gender-role orientation. Mathematics 
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self-efficacy was superior in predicting mathematics related college major to other variables 
such as mathematics performance and achievement. However, they did not find support for 
their hypothesis that women's math self-efiBcacy assessments would be unduly low compared 
to their mathematical performance and the self-efficacy and performance of their male peers. 
In summary, self-efficacy expectations have been predictive of many aspects of women's 
career behavior. Self-efficacy appears to be related to women's choice of a college major, and 
to mathematical performance. While these studies address variables relevant to women's low 
level of attraction to mathematical and scientific fields, they do not describe or test how these 
variables relate to persistence. 
Self-Efiïcacv and Persistence in Scientific Fields 
Multon, Brown, and Lent (1991) used meta-analysis to summarize the literature on 
persistence and self-efficacy expectations with respect to a variety of behaviors. Definitions of 
persistence varied fi"om time spent on a task to number of items completed to number of 
academic terms completed. Subjects varied in age fi"om 9.1 to 20 years, with a mean age of 
11.9 years. They found that, across samples, approximately 12% of the variance in 
persistence can be explained by self-efficacy with respect to the given task (effect size = .34). 
While studies were varied in age of subjects and definition of persistence, this 
meta-analysis offers insight into the relative importance of self-efficacy with respect to a given 
behavior in predicting persistence. Two studies looked at self-efficacy in completing the 
educational requirements for technical/scientific occupations. They defined persistence as the 
34 
number of academic terms completed in a technical/scientific college major. These studies are 
reviewed here. 
Lent, Brown, and Larkin (1984) studied the relationship between self-efficacy expectations 
with respect to engineering and scientific occupations and persistence in a college major. 
Self-efficacy was operationalized as confidence in being able to successfully complete the 
educational requirements and perform the job duties for 15 engineering and science fields. 
They followed up fi-eshman and sophomore students one year after taking a career course for 
students in science and engineering. They found that self-efficacy expectations with respect to 
technical occupations were related to persistence. In general, students who reported higher 
feelings of self-efficacy tended to persist in science majors. They did not find gender 
differences in levels of self-efficacy with respect to technical occupations. 
The sample used by Lent et al. (1984) was select, and the number of participants was small 
(28 men and 14 women). Also, subjects were predominately fi"eshmen and sophomore 
students, so their data do not address commitment to academic majors. 
Lent, Brown, and Larkin (1986) explored self-efficacy with respect to scientific and 
engineering occupations, ability, achievement, and interests in predicting persistence. They 
also operationalized self-efficacy as confidence in being able to successfully complete the 
educational requirements and perform the job duties for IS engineering and science fields. 
They included a second measure of self-efficacy, which asked students to rate their ability to 
perform specific tasks critical to academic success in engineering and science majors (i.e.., 
"complete the mathematics requirements for most engineering majors"). They used a similar 
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subject pool as Lent and associates (1984) but a slightly larger sample (75 men and 30 
women). They found that self-eflficacy expectations, with respect to engineering and science 
occupations, accounted for a significant percentage of the variance in predicting persistence, 
even when contributions from math ability, high school grades, and interests were removed. 
They found support for conceptual distinctions between their two measures of self-efiScacy 
with respect to engineering and scientific occupations. 
Dimensions of Self-Eflficacv and Persistence in Scientific Fields 
Self-efficacy expectations theoretically vary along three dimensions: level, strength, and 
generality. According to Bandura, level of self-efificacy expectations is the difficulty of 
behaviors within an individual's perceived realm of mastery. Level defines the types of 
behaviors in which one engages. Strength of self-efficacy expectations refers to the degree of 
confidence in self-estimates of ability to perform behaviors. Strength defines the persistence 
of an individual when confronted with difficulties. Finally, generality is the range of behaviors 
to which perception of ability extends. 
College students who attempt a mathematical or scientific academic major would be 
expected to have correspondingly high levels of mathematics self-efficacy expectations. 
Bandura (1986, p. 397) noted that a threshold of self-assurance is necessary to attempt a 
course of action. Findings that mathematics self-efficacy expectations correlate positively 
with decisions to pursue related majors (e.g. Betz & Hackett, 1983) lends support to this 
view. Within the group of people who make attempts, the strength of self-eflBcacy 
expectations can vary. 
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Self-efRcacy expectations are relevant to understanding persistence in a mathematical or 
scientific academic major. Strength of expectations impacts effort expenditure in the face of 
challenges or difficulties (Bandura, 1977a). The stronger the self-efficacy expectations, the 
greater the challenges attempted, the longer the persistence, and the better the chances of 
success at the task (Bandura, 1986). When individuals with weak self-efficacy expectations 
encounter difficulties, they decrease their efforts or give up prematurely, while those with 
strong competency beliefs struggle longer to master difficult tasks (Bandura & Schunk, 1981). 
Many new and challenging hurdles exist in the college setting for students. As previously 
noted, women encounter many barriers in their pursuit of mathematical and scientific degrees. 
The strength of self-efficacy expectations is relevant to understanding women's persistence in 
the face of barriers or hurdles. Betz and Hackett (1981) hypothesized that women with strong 
self-efficacy expectations would be more likely to continue in their pursuit of a career goal, 
despite encountering obstacles such as discrimination, sexual harassment, or multiple role 
demands. 
Similarly, the generality of self-efficacy expectations is of issue in making the transition 
fi'om high school to college. Entering fi'eshmen received performance information in a high 
school setting, but typically have little or no enactive experience in the college setting. A 
widely held perception is that college expectations and challenges exceed those encountered in 
high school. Thus, while high school students gain information about their performance in 
one setting, they need to extend or generalize their expectations to a more challenging one. 
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The potency of successful experiences in high school depends on generalizing self-efiScacy 
expectations to a novel setting (college). 
To date, little work has been done on exploring the generality dimension of self-efficacy 
(Lent & Hackett, 1987). While summing self-efficacy scores over a number of occupations 
may be a crude measure of generality (Betz & Hackett, 1981; Post-Kammer & Smith, 1985), 
a more systematic measurement is warranted, but lacking in the literature. 
Self-Efficacy and Interests 
The relationship between self-efficacy and interests warrants further investigation. Studies 
which include both variables typically find moderate correlations between the two 
(Bores-Rangel et al., 1990; Betz & Hackett, 1981; Lapan et al., 1989; Lent et al., 1986, 1991; 
Rotberg et al., 1987; Wheeler, 1983). Regression studies have found that interests account 
for some of the variance in career choice, with self-efficacy adding to the equation. 
Lapan, Boggs, and Morrill (1989) explored the relationship between self-eflScacy and 
interests in Investigative and Realistic General Occupational Themes on the Strong-Campbell 
Interest Inventory. Men typically score higher than women on these themes (Fitzgerald & 
Betz, 1983). Lapan et al., wondered if these gender differences were a function of 
self-efficacy expectations in these areas. Using path analysis, they found that mathematics 
self-efficacy and mathematics preparation mediated gender differences on these themes. In 
other words, mathematics self-efficacy and preparation accounted for differences in interest 
scores, and gender did not add to the prediction of variance in Investigative and Realistic 
GOT standard scores. 
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Lent, Laikin, and Brown (1989) theorized that the relationship between interests and 
self-efficacy is reciprocal. They suggested that interests develop when an individual 
participates in activities in which there is a perception of self-efficacy. Interests then motivate 
further participation in these activities, thus promoting self-efficacy by generating added 
opportunity for success. This approach parallel's Osipow's (1972) speculation that 
experiences define interests, rather than interests guiding participation in activities. Lent, 
Lopez, and Bieschke (1991) provided empirical support for this relationship. They suggested 
that future research address the relationship between interests and self-efficacy, and extend 
their results. 
Students declaring a scientific or mathematical college major theoretically would have felt 
some degree of confidence or self-efficacy in these subject areas, developed interests through 
participation, which would further shape involvement. However, when they enter college, 
they are faced with a different environment from high school, and hence they are provided 
with new information about their performance. Of interest is how this new information affects 
self-efficacy expectations and interests in these fields. 
Sources of Self-Efificacv. Gender DiffFerences. and Vocational Choice and Persistence 
From a theoretical and an intervention perspective, research exploring how students 
construct their efficacy expectations is important (Lent, Lopez, & Bieschke, 1991). One 
potential area of investigation is studying how Bandura's four sources of efficacy information 
(enactive attainment, vicarious learning, verbal persuasion, and emotional arousal) contribute 
to efficacy expectations, and identifying how women's and men's experiences differ. 
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Enactive attainment. Bandura indicated that enactive attainment, or information from 
performance accomplishments is the greatest source of self-efficacy information. Thus, by 
successfully engaging in behaviors, it would be predicted that self-efficacy expectations would 
increase. 
In scientific, male-dominated fields, women typically gain limited information through 
enactive attainment. Hackett and Betz (1981) noted that women typically have less 
opportunity to develop skills and receive performance information in nontraditional fields such 
as mathematics and science. 
Another limiting influence for women in scientific areas stems from gender differences in 
attributions of success. Bandura (1977a) noted that increased self-efficacy expectations 
partly depend on attributing success to internal factors, such as ability or effort. If success is 
attributed to external forces (such as luck or task difficulty), there will be little modification 
of self-efficacy expectations. 
Men and women tend to credit internal causes such as ability for the successes of men. 
Similarly, both men and women tend to attribute women's successes to external causes such as 
luck (Deaux & Emswiller, 1974). Similarly, women more than men attribute failures to 
internal causes such as lack of ability. Hackett and Campbell (1987) found that women were 
more likely than men to attribute failure to lack of ability. Ware, Steckler, and Leserman 
(1985) found similar trends in their pre-science college students. They asked students to 
make attributions about the reasons for difficulty in courses. Women tended to point to 
internal causes, such as their own inadequacy, for difficulties they had in courses. Conversely, 
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men tended to identify external causes, such as inherently difficult course material or 
inadequate teachers, for their difficulties. 
McDade (1988) found similar trends in her qualitative study. She interviewed men and 
women who left chemistry or mathematics majors, and she found gender differences in the 
reasons given for leaving. The women tended to describe internal reasons for abandoning 
their original majors, including loss of original professional "ideals," and questioning self as 
competent, academically capable and persistent. Conversely, the men in McDade's sample 
tended to emphasize external issues associated with their experiences. Whereas the women 
described abandoning their goals, the men pragmatically framed their academic major change 
in the context of new opportunities and rewards. While the women questioned their academic 
ability, the men maintained that they changed majors through a process of self-development 
and evaluation of their potential, broadening their perceptions of success beyond chemistry 
and mathematics. 
McDade's findings are based on a small sample of subjects, and are exploratory. She 
acknowledged that gender differences may represent differences in willingness to freely admit 
weakness or insecurities, but other explanations are possible. Her qualitative findings ofiFer 
some suggestions for further research. 
Thus, limited performance information in the sciences and mathematics may curtail the 
development of self-efficacy beliefs in the general population of women. The attributional 
style of women may further limit the impact of success experiences in these areas. Women 
who attempt a scientific or mathematical college major presumably established a 
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corresponding level of self-efficacy expectations in this area. However, persistence is also a 
factor of strength and generality of expectations. Women's higher attrition level may be 
related to strength and generality of self-eflficacy expectations. To the extent that self-efficacy 
expectations influence women's persistence, prior success experiences in mathematics and 
science may not be resilient enough to maintain high levels of self-efficacy when encountering 
new challenges. 
Vicarious learning. Bandura (1977a, b, 1986) identified vicarious learning as another 
source of self-efficacy information. Through social comparison, individuals can generate 
performance expectations in themselves. In a college setting, instructors and fellow students 
can serve as models of successful behavior, providing vicarious sources of self-efficacy 
information. 
Bandura suggested that a high degree of similarity between a model and observer 
maximizes vicarious sources of self-efficacy information. Gender is certainly a salient 
dimension by which similarity is evaluated. Women in scientific fields tend to identify with 
attributes associated with women more than with male-stereotyped attributes, despite their 
pursuit of nontraditional majors and occupations (Plas & Wallston, 1983). For women in 
science and mathematics, female role models may offer the optimal opportunity for vicarious 
learning opportunities, which in turn impact women's self-efficacy expectations and career 
aspirations. 
Indeed, women w^th high educational aspirations oAen report having strong female role 
models (Hackett, Esposito, and O'Halloran, 1989). Studies suggest that women who pursue 
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nontraditional fields benefit fi'om support and same gender role models (Edye, 1970; Farmer, 
1980a; Plas & Wallston, 1983; Tangri, 1972). However, many women do not have access to 
same-gender role models in the sciences and mathematics due to the scarcity of women 
in these fields. The field of chemistry illustrates this scarcity, with women composing only 
1.5% of the chemistry faculty (assistant professor or higher) at major research universities 
(Vetter, 1983). With some variations, other scientific and mathematical fields parallel these 
proportions. The limited number of female students in these fields (Eccles, 1987) exacerbates 
this problem. 
Male role models can also impact young women's career choices. Male role models may 
be especially important when female role models are scarce. Fitzpatrick and Silverman (1989) 
surveyed college women about the role of support in their career choice. They found that for 
women in highly male-dominated fields such as engineering, parental support and father role 
model were important in their decisions to pursue engineering. However, parental support 
was less important for women in fields with greater concentrations of women. Betz and 
Fitzgerald (1987) noted that while males can serve as role models and mentors, the lack of 
female role models in nontraditional fields is a deterrent to women's career pursuits. 
Social persuasion. Bandura described social or verbal persuasion as another important 
source of self-efficacy information. Significant others have an effect on the career and 
achievement motivation of students (Farmer, 1985). Support and encouragement for women's 
educational goals can come fi'om a number of sources, including parents, teachers, advisors, 
and peers. 
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Sewell and Hauser (1975, in Farmer, 1985) conducted a longitudinal study of high school 
seniors and found that parental encouragement predicted aspiration. Similar relationships 
were established between parental support and mastery motivation (Crandall & Battle, 1970; 
Rubovits, 1975), and career motivation (Farmer, 1980b; Rooney, 1982). 
Parental support may be especially important for daughter's career development (Betz & 
Fitzgerald, 1987). Perceived parental influence appears to be important for daughters' 
pursuing nontraditional careers (Lunneborg, 1982). Hackett et al., (1989) found a small but 
significant relationship between the perceived influence of father and other adult males and 
women's choice of a nontraditional college major. 
The attitudes of parents can also have a negative effect on the development of daughters. 
Parental views correlate with their children's self-perceptions of math ability and math 
performance (Parsons, Adler, & Kaczala, 1982). There is evidence that parents, like society 
in general, appear to reach gender-stereotyped conclusions about their children's mathematics 
performance. When the mathematics performance of girls and boys were equivalent, parents 
attributed their children's performances differentially. Parents of girls were more apt to 
attribute their daughter's success at mathematics to hard work and to assess mathematics as 
difficult for their daughters (Parsons, et al., 1982). 
Teacher support appears to be very important for young women. Farmer (1980b, in 
Farmer 1985) found teacher support predictive of career motivation. The American 
Association of University Women (1991) surveyed school children on their views about 
mathematics and science. They found that, for young women, relationships with teachers 
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were strongly correlated with feelings about their academic performance. In other words, 
teachers have a powerful impact on young women's views about their academic performance. 
This impact may be especially important for young women in nontraditional fields. Fitzpatrick 
and Silverman (1989) found that high school teachers were important sources of support for 
women who pursue nontraditional fields (Fitzpatrick & Silverman, 1989). 
In her sample of women who attempted engineering college majors, Evans (1988) found 
that the largest group differences between transfers and persisters were on items related to the 
environment in engineering. The persisters described their instructors, advisors, and the 
environment in more positive terms than transfers. The majority of subjects in both groups 
described their instructors as supportive of female students. However, a significant 
proportion of each group described the engineering faculty as non-supportive. About a third 
of the students disagreed that their advisor discussed career options or encouraged graduate 
school. 
Hackett, Esposito, and O'Halloran (1989) asked college senior women to rate the degree 
to which various people in their lives influenced their career choices. They found that the 
influence of female teachers was the most important predictor of level of educational 
aspirations and career salience. Male teacher influence was also positively related to 
educational aspirations and career salience. However, Hackett and associates also found a 
negative relationship between male teacher influence and selection of a scientific academic 
major in college. 
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There is a greater likelihood for men to view mathematics as a male domain when 
compared with women (Hyde, et al, 1990). While men and women in general tend to 
discount that math is a male domain, when such stereotyping is done, it is more likely to be 
from a boy or man than a girl or woman. Given the higher proportion of men over women 
who teach advanced mathematics courses (Fox, 1977, in Meece, et al, 1982), and the vastly 
higher percentage of men teaching science at the college level (Vetter, 1983), the bias in 
teachers and college professors needs to be considered. 
Peers (male and female) can be important influences in women's decisions to pursue 
nontraditional college majors (Tangri, 1972). However, it is unclear whether this influence is 
positive or negative. Studies differ in reports of peer support for women in nontraditional 
college fields. Lunneborg (1982) found that women in nontraditional fields reported higher 
levels of support than women in traditional fields. On the other hand, nontraditional women 
surveyed by Ehrhart and Sandler (1987, in Hackett et al 1989) found their peers lacking in 
support and encouragement. 
Emotional arousal. Bandura (1986) pointed out that physiological feedback offers 
information about capabilities. He noted that when the feedback is high arousal and anxiety, 
there can be a detrimental effect on performance. He describes the cycle of arousal; "Fear 
reactions generate further fear through anticipatory self-arousal. By conjuring up 
fear-provoking thoughts about their ineptitude, people can rouse themselves to elevated levels 
of distress that produce the very dysfunctions they fear." (p. 401). 
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Mathematics anxiety has been identified as a variable which impacts career decisions 
(Betz, 1978). Lazarus (1974) defined math anxiety as nervousness/tension which interferes 
with solving math-related problems in academic situations and ordinary life. 
Math anxiety was theorized to be more prevalent in women than men (Fox, Fennema, & 
Sherman, 1977). Betz (1978) found higher incidence of mathematics anxiety among women 
than men. However, recent studies do not support this view. Unlike past findings, Singer and 
Stake (1986) did not find that women college students were higher on math anxiety than male 
college students. Hyde and associates' (1990) meta-analysis confirmed this finding. They 
found only a small effect size for gender in mathematics anxiety. 
While Betz (1978) found gender différences on mathematics anxiety, she also found 
higher levels of anxiety among students whose academic preparation in high school was poor, 
when compared with students who had strong preparation in high school. As noted earlier, 
men tend to enroll in more mathematics and science courses in high school than women 
(Brewer & Blum, 1979;deWolf, 1981; Ernest, 1976; Hackett & Betz, 1989). Thus, men tend 
to be better prepared for pursuing mathematics and science in college than women. This 
suggests that the relationships between math anxiety and gender may be moderated by other 
variables, such as math and science preparation. 
Hackett and Betz (1989) argued that math anxiety can be interpreted as resulting fi-om low 
mathematics self-efficacy, using social learning theory. They described math self-efficacy as a 
predictor of math performance and math anxiety. Hackett (1985) found a correlation of .58 
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between mathematics self-efficacy and the Math Anxiety scale on the Fennema-Sherman 
Mathematics Attitude Scale (Fennema & Sherman, 1976), suggesting that the constructs are 
related. Fennema and Sherman ( 1976) offered a similar conceptualization, arguing that math 
anxiety is essentially a lack of confidence in mathematical ability. 
Gender differences on measures of mathematics self-efficacy are well documented. The 
recent findings that there may not be gender differences in math anxiety, which is predicted by 
mathematics self-efficacy, suggests that the relationships between these variables are complex. 
It may be that relationships between mathematics self-efficacy, mathematics anxiety, and 
performance are measurable within gender, but differ between the sexes. 
Relationships between the Sources of Self-Efiîcacv Information 
Bandura theorized that enactive attainment would be the most salient source of self-
efficacy information, with all others adding additional information. Matsui and associates 
(1990) found support for this view. They found that emotional arousal and vicarious 
experience made small but unique contributions to explaining variance in mathematics 
self-efficacy. 
Lent, Lopez, and Bieschke (1991) developed four 10-item scales to measure sources of 
self-efficacy information, and explored relationships between sources and self-efficacy. They 
found that personal performance accomplishments accounted for as much variance 
in mathematics self-efficacy as the four sources combined. They suggested that their findings 
may have resulted from multicollinearity among the source variables. 
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Several explanations can be put forth to understand these intercorrelations. One 
explanation is that self-efficacy information tends to be experienced from several sources 
simultaneously, and the constructs are not independent. Another explanation is that the 
measures used by Lent et al. were not sensitive enough to tease out dififerences between the 
constructs. Also, the internal consistency coefficient for vicarious learning was particularly 
dismal (alpha coefficient of .56), suggesting that this scale is not measuring a homogeneous 
construct. The measures may be picking up only the extremes in self-efficacy expectations. 
Yet another explanation for the scale intercorrelations stems from the fact that the scales are 
retrospective self-report measures. Subjects are being asked to retrospectively disentangle 
sources of self-efficacy information, which may be a difficult task. More research is needed to 
understand the relationships between these four sources of efficacy information. 
In summary, self-efficacy expectations are useful predictors of career related behavior, 
including career choice, range of careers considered, and academic performance. There is 
some support for the usefulness of self-efficacy constructs in predicting persistence. 
Additional variables may add to the predictive equation. Lent, Brown, and Larkin (1986) 
postulated that self-efficacy expectations could be augmented by exploring outcome 
expectations, and incentives for performance. They also pointed to attributions for 
performance and person-environment congruence as additional areas to explore. 
Goal Setting and Social Learning Theory 
Bandura (1977a, b) described goal setting as salient to motivation. Individuals are 
motivated by setting goals for themselves and evaluating their relative performance. Goal 
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setting has been shown to have a positive effect on performance (Locke, Shaw, Saari, & 
Latham, 1980). When adequate ability is present, setting challenging goals leads to higher 
performance levels than setting vague goals ("do your best") or no goals at all (Wood & 
Locke, 1987). The relationship between challenging goals and increased levels of 
performance has been demonstrated with college students and grades (Locke & Biyan, 1968). 
Goals can act as motivational forces to the extent that increased effort is expected to lead 
to goal attainment. When performance and standards are mildly discrepant, motivation is 
expected to be enhanced. However, when performance is considerably lower than the 
standard, motivation is expected to be negatively impacted, and perceived self-efBcacy is 
undermined (Bandura & Cervone, 1983). Bandura and Cervone noted that the threshold 
strength of self-efficacy is of interest, specifically the point at which a goal is abandoned. 
Obtained grades do not provide information about an individual's goals or standards. 
Noting that an individual could persist in a college major (given adequate grades) ignores the 
impact of grade goals. An "adequate" grade for continuing in an academic major may not be 
an acceptable grade for an individual, given his or her goals and self-expectations for 
performance. Perhaps a significant factor in women's attrition in the sciences relates to 
dissatisfaction with performance, despite "adequate" grades. 
In general, women receive higher college grades than men in academic fields ranging fi'om 
humanities to the sciences, engineering, and mathematics (Betz & Fitzgerald, 1987). Despite 
acceptable college grades, many college women are dissatisfied with their academic 
performance. Evans (1988) found that 79.5% of the women who persisted in engineering 
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were dissatisfied with their academic performance. For transfers, 60% were dissatisfied with 
their academic performance. Thus, the majority of women (persisters and transfers) were 
dissatisfied with their academic performance, with higher rates of dissatisfaction for women 
who persisted in engineering. In another study, Whigham (1985) found that freshmen 
women were uncertain if they would continue in engineering if they could only maintain a "C" 
grade point average. 
There is evidence that academic performance is more important to college women than to 
college men. Miller and Klein (1989) found that the ego value of academic performance was 
higher for women than men. When competence at a skill is valued, then ego involvement and 
ego threat are greatest (Nicholls, 1984). Consequences of ego threat include avoidance of the 
task, anxiety, worry, rushing through the tasks, rumination, and reduced effort (Miller, 1985, 
1986; Miller & Klein, 1989). The greater tendency for women than men to make internal 
attributions for failures (Hackett & Campbell, 1987) may explain gender differences in the 
importance of academic performance. 
It is unclear whether men have similar grade expectations as women. Neither Whigham 
nor Evans included men's responses, so it cannot be concluded that their findings are 
characteristic of the subsample of women in science, or typical of science students in 
general. However, women in male-dominated fields reported feeling pressure to outperform 
their male peers to be accepted as equals (Kanter, 1977). Ware and associates (1985) 
concurred, theorizing that women in science may feel the need to prove their ability to 
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succeed in areas where the proportion of successful women is small. Many women are clearly 
dissatisfied with adequate college performance, and exploring the relationship between grade 
expectations and persistence warrants attention. 
Women in nontraditional fields typically have strong achievement motivation. Chusmir 
(1983) reviewed the literature on women in male-dominated careers, and concluded that they 
tend to be ambitious, with high needs for achievement. Women who enter mathematics and 
science majors in college also tend to have strong work-oriented values. Cooper and 
Robinson (1987) found that freshmen women in technical majors gave higher ratings to scales 
of job involvement, career importance, task completion, and the meaning of work than did 
their male classmates. Farmer (1983) and Peng and JafFe (1979) found similar trends. 
Women who leave engineering apparently do not leave because of lower levels of 
aspirations than women who complete these degrees. Evans (1988) studied college women 
who persisted or left engineering. She found that transfers and persisters had similar 
expectations for higher degrees. For both groups, the modal response was a master's degree 
as the highest degree planned. 
Thus, women who attempt mathematics and scientific college majors tend to have strong 
achievement needs and lofty educational aspirations. However, many of them abandon their 
original career paths, while retaining their educational goals. A question raised by these 
trends is the relative importance women place on different goals, such as entering an 
occupation, or maintaining a high grade point average. 
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Women who enter engineering tend to be multi-talented students, with high standardized 
test scores in mathematics, English, and social sciences (Jagacinski & Lebold, 
1981; Whigham, 1985). They would be expected to excel in a number of fields outside of 
mathematics and the sciences. Thus, women who enter engineering have many career and 
academic major options available to them. 
In understanding the value of goal setting to persistence, defining the goal is pertinent. If 
the goal is high grades, the best route to this goal may not be persisting in the present 
academic major. It may be identifying a college major in which one excels, and pursuing that 
major. However, if the goal is to become an engineer or a scientist or a mathematician, the 
best route would be to increase effort in the face of difficulties. An area to explore is the 
relative importance of grade goals to occupational goals, and exploring if there are gender 
differences in goal setting. 
Another way to conceptualize these goal relationships is provided by Maehr and Nicholls 
(1981). They outlined three types of values that are related to achievement: intrinsic, 
competence, and social approval. Intrinsic values are rewards stemming from engaging in an 
activity for its own sake. Competence values relate to seeking rewards for utilitarian reasons, 
such as developing a skill. Social approval values describe rewards fi'om external approval or 
recognition. 
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Outcome Expectations and Social Learning Theory 
Bandura (1977a) theorized that outcome expectations, along with self-eflScacy 
expectations, impact persistence. Outcome expectations are estimations of the consequences 
of successful performance at a task (Bandura, 1982). Outcome expectations describe 
beliefs that behavior(s) will lead to outcomes, regardless of perceptions of one's ability to 
perform the behavior(s). Self-efificacy expectations theoretically impact persistence through 
expectations of eventual success. 
Outcome expectations may be an important complement to self-efficacy research. Lent, 
Lopez, and Bieschke (1991) found that outcome expectations moderated and complemented 
the relationship between self-efficacy and career choice. Lent and Hackett (1987) suggested 
that future research should also assess outcome expectations as well as self-efficacy 
expectations. 
Related to outcome expectations are expectations of rewards or incentives for behavior. 
Bandura (1986, p. 395) noted that, even when an individual has requisite skills and strong 
self-efficacy expectations, he or she may choose not to engage in a behavior. Bandura 
theorized that there also must be incentives for performing a task. In addition to incentives 
for behavior, there can also be disincentives. Performance can be negatively affected by 
disincentives, inadequate resources, or external constraints (Bandura, 1986). Mitchell (1974) 
stressed the importance of evaluating negative as well as positive outcomes. Lent, Lopez, and 
Bieschke (1991) included a measure of outcome expectations for taking mathematics classes, 
but all items dealt with positive consequences of pursuing mathematics (such as enhancing 
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job/career opportunities). It is important that fliture research use assessment tools which 
balance positive and negative outcome options. 
Measuring Self-Effîcacv 
A persistent problem in the self-efficacy research literature is a blurring of measures of 
level and strength. Lent & Hackett (1987) explained this problem. Subjects typically respond 
to a set of occupational titles or majors, and they rate their level of competence dichotomously 
("could do" or "could not do"). They then rate their confidence or strength of belief, ranging 
from very low to very high. These measures are separate when self-efficacy is operationalized 
with specific performance items that can be arranged incrementally by level of difficulty. In 
the career behavior arena, most variables elude quantification at this level. Career self-
efficacy measures typically assess estimates of performance of complex, heterogeneous 
behaviors. Thus, level and strength typically are redundant measures, and are highly 
intercorrelated. 
To distinguish level and strength in assessing career choice, a way to order occupations 
along a continuum or hierarchy must be developed (Bores-Rangel et al, 1990). In the absence 
of a distinction, Bandura (1984) agreed that assessment of strength alone is sufficient for 
assessing self-efficacy. 
Expectancv-Valence Theory 
Constructs suggested by expectancy-valence theory (Vroom, 1964) may add to the 
prediction of career behavior and persistence. Expectancy-valence theory postulates that the 
strength of one's tendency to behave in a particular way is a fijnction of expectations and 
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values. Thus, motivation is determined by two dimensions: expectations of success and value 
of outcome. It is theorized that these dimensions are independent of each other, and high 
expectations and high value would predict action. Vroom distinguished occupational choice 
from occupational preference. Occupational choice can be represented algebraically as: 
h 
F,= Z(E,Vj) 
j=l 
Fj representing force or effort put forth to perform a behavior, i 
Ejj is the subjective probability that behavior i will lead to outcome j 
Vj is the valence or attractiveness of outcome j. 
Occupational preference, or the attractiveness of an occupation, is thought to be: 
h 
V, = 2 ( W 
k=l 
Vj is the valence or attractiveness of outcome j 
Ijk is the perceived instrumentality of outcome j for leading to outcome k 
is the valence of outcome k. 
For example, the amount of effort (Force) put forth to pursue an academic major such as 
engineering is a function of expectancy (subjective probability) that one will be able to 
complete the necessary coursework, and the attractiveness (valence) of this outcome. The 
valence of a degree in engineering is a function of an individual's beliefs that engineering will 
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lead to a desired outcome (such as a high income), and the desirability of this outcome (high 
income). 
Expectancy-valence theory has been applied to understanding students' academic choices 
(Parsons, Adler, Futterman, GofF, Meece, & Midgley, 1983), and career preferences 
(Wanous, Keon, & Latack, 1983). Expectancy and value framework has been used to explain 
decisions to major in computer science (Lips & Temple, 1990), and gender differences in 
mathematics achievement (Meece, Parsons, Kaczala, GofF, & Futterman, 1982). 
Eccles (1987) used expectancy valence theory to explain women's career choice and 
development. She theorized that achievement-related choices are influenced by expectations 
for success at tasks and perceptions of the value of achievement at these tasks. She 
predicted that individuals will pursue occupations for which they expect success and in which 
they place high value. Expectations for success and subjective value are thought to be 
influenced by gender-role socialization, self-schemas, and expected role and task 
demands. 
Expectations for Success 
A tenet of expectancy-valence theory is that expectations for success influence decisions to 
engage in behaviors. Thus, expectancy-valence theory predicts that when expectations for 
success are low, then persistence will be negatively impacted. 
Eccles (1987) identified three variables related to expectations for success in an 
occupation: confidence in intellectual and related abilities; estimates of the difficulty of 
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various occupations; and estimates of the external or societal barriers to success. Eccles 
theorized that women are not as confident in their abilities as men, due to stereotypical gender 
differences in performance expectations. Parsons (1983) asserted that one's self-concept of 
his or her ability in subject areas develops in a cultural context that stereotypes subject matter 
and expects gender differences in performance. Lower confidence levels theoretically lead to 
lower expectations for success at difficult academic and occupational tasks. 
Eccles' (1987) second variable related to expectations to success in an occupation is 
estimation of occupational difficulty. Women may be further hindered in developing positive 
expectations of success in scientific and mathematical fields by their avoidance of tasks labeled 
as "difficult." Stein and Bailey (1973) found that girls were more likely than boys to avoid 
tasks that were labeled "difficult." The view that science is "difficult," in combination with 
science's 
reputation for being stereotypically "masculine" may limit women's perceptions of success in 
science (Lawrenz & Welch, 1983). 
The third variable related to success expectations outlined by Eccles (1987) is estimates of 
the external or societal barriers to success. The educational environment, and competitiveness 
in this environment, have been identified as external barriers to women's career progress in 
technical fields. 
Educational environment and expectations for success. College men and women often 
describe the educational environment as lacking in support, and report feeling ignored by 
faculty (Freeman, 1975, in Betz & Fitzgerald, 1987). The impact on women is especially 
58 
salient. Freeman argues that unlike their male peers, women often lack support from family 
and friends for pursuing scientific or mathematical career goals. The lack of support from the 
educational environment and its faculty exacerbates the problem for women. Betz and 
Fitzgerald (1987) stated that: "...the female student has come from and exists in an 
environment fundamentally lacking in support for her educational endeavors; the educational 
system, in doing nothing to create an environment of support for her, contributes by default to 
her ultimate failure." (p. 71). 
Freeman (1975) described this as a "null environment," meaning that it neither encourages 
nor discourages students. Freeman goes further to suggest that the null environment is 
inherently discriminatory against women, given gender differences in external environments. 
Evans' (1988) study of women who persisted or left engineering supported the experience 
of a null environment. Students responded to questions about support they received from 
advisors, instructors, and the educational setting. About half of the transfers and persisters 
expected to pursue a master's degree (this was the modal response). Despite these 
educational goals, very few women described encouragement for these plans from their 
advisors. Only 21.4% of the persisters, and 11.3% of the transfers agreed that their advisors 
encouraged them to pursue graduate school. Many women responded that they had no 
opinion to this question, suggesting that while they may not have felt actively discouraged by 
their advisors, neither were they encouraged. One third of the women disagreed that their 
advisor discussed career options with them at all. 
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Competitive environment and expectations for success. Moos (1987) noted that 
competition in the learning environment may be associated with achievement gains, but 
competitive classes do not promote creativity or continued motivation to learn. Unless 
coupled with support. Moos said that competition promotes tension and absenteeism. 
Women, compared with men, are lower in interpersonal competitiveness (GrifBn-Pierson, 
1988). There may be gender differences in response to competitive environments, with 
women responding more negatively than men. Eccles (1987) contemplated that one reason 
why girls and boys diverge academically is that boys and girls respond differently to 
environments, particularly with respect to competitiveness. There is some evidence that 
competitive environments thwart women's confidence. Atkinson (1978) found a decrease in 
mastery motivation for women in competitive situations. The opposite relationship existed for 
men. Similar trends were found by Homer (1978) and Peterson and Fennema (1985). A 
competitive style was correlated with mastery motivation for men, but not for women 
(Farmer, 1985). 
Female students in scientific and mathematical majors may be more cooperative and 
supportive than their male colleagues. Cooper and Robinson (1985) surveyed 268 men and 
57 women who were fi^eshmen in scientific college majors. They found that women scored 
significantly higher on measures of cooperation and support. 
The environment in mathematics and science is often described as competitive (e.g. 
McDade, 1988). Eccles and others studied mathematical and scientific classrooms which 
fostered girls' confidence and positive attitudes towards mathematics (Eccles, 1987; 
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Eccles & Blumenfeld, 1985; Ecoles, Maclver, & Lange, 1986). She described these "girl 
friendly" classrooms as having low levels of competition among students, corresponding with 
high levels of individualistic learning or cooperative learning opportunities. She also described 
high levels of teacher communication of the intrinsic value of mathematics, and how 
mathematics can lead to various occupations. Eccles and Blumenfeld (1985, in Eccles, 1987) 
found that when teachers used criticism and a public teaching style, girls had lowest 
mathematics expectations when compared with boys. Giris' mathematics achievement 
appeared to be positively related to a cooperative learning environment (Peterson & Fennema, 
1985). 
McDade (1988) offered qualitative support that men and women respond differently to 
competitiveness in the technical college majors. In her survey of students who abandoned 
chemistry and mathematics college majors, McDade found that women described the 
academic environment as competitive, and they felt isolated and helpless in trying to change 
this environment. The women described feeling disillusioned by the competitive environment 
and lack of support. The men, however did not indicate that competitiveness in the 
environment contributed to their decisions to leave their original majors. Instead, they 
described their decisions to change majors pragmatically, weighing the value of investing the 
time and effort needed against the alternative opportunities available to them. 
Evans (1988) examined women who persisted and those who transferred out of 
engineering. She found that about half of the women felt that the competition in the College 
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of Engineering was too great, with the transfers having significantly higher agreement with 
this than the persisters. 
Laws (1978), through her review of the literature, implied that women may avoid 
competing with men by engaging in one of three behaviors: they abandon the competition; 
they do not take responsibility for their success; or they lower their aspirations. Brooks 
(1988) viewed these behaviors as indicators that competition with men is often an aversive 
experience for women. 
Value of Outcome 
The second tenet of expectancy-valence theory is that value of outcome impacts behavior. 
Subjective task value with regard to mathematics is the perceived utility and importance of 
mathematics, mathematical interest, and worth of perceived effort to succeed in mathematical 
tasks (Betz & Fitzgerald, 1987, p. 109). With respect to college major choice, there is a 
positive relationship between value of the academic subject (such as mathematics) and choice 
to pursue this area of study (Parsons et al., 1983). 
Eccles (1987) defined value of an outcome with respect to four components: the utility 
value of the task, in facilitating long-range goals; the incentive value of the task, with respect 
to immediate rewards, the attainment value of the task with respect to one's self-image and 
personal values, and the costs associated with the task. Eccles' categories expanded on what 
was presented by Meece, et al. (1982). 
Utility value of mathematics and science. Utility value describes the degree to which a 
task facilitates long-range goals (Eccles, 1987). When students perceive mathematics as being 
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useful, there is a greater likelihood that they will continue in mathematics (e.g. Fennema & 
Sherman, 1977, Parsons et al., 1983). 
Mathematics proficiency does not seem to be as important for women as men in fulfilling 
long-term goals. Girls tend to view mathematics as less useful to them than men (Fennema & 
Sherman, 1977; Parsons, et al, 1983). 
One way to conceptualize long term occupational goals is through the rewards an 
occupation offers, and the fit between these rewards and values of the individual. People 
differ in the rewards they seek out from work and the activities in which they choose to 
engage. Miller and Sjoberg (1973) developed a triangular model to describe life activities and 
orientations. The three dimensions of this model are work/study, kinship/fiiendship, and 
leisure/recreation. The time and energy an individual invests in each of these areas defines the 
priority orientation. 
A person with a kinship/friendship orientation is described as someone who values 
relationships with others, and invests energy and time in activities related to family and 
fnends. The kinship/relationship dimension appears to be important for many women in 
making occupational choices. Bridges (1989) asked college students to rate 18 job 
characteristics with respect to their importance in career choice. She found that college 
women, when compared with college men, placed significantly higher importance on 
opportunity to help others, ease of arranging work schedule to coincide with schedule of 
children and/or spouse, and ease of reentering the field after interruption for child rearing. 
63 
Corkery (1991) examined perceptions of occupations in fulfilling relationship development, 
on and off the job. She found that Realistic and Investigative occupations, when compared 
with Social Occupations, were viewed as less compatible with relationship development. 
Most occupations in engineering, mathematics, and the physical sciences are categorized as 
Realistic or Investigative (see Gottfredson & Holland, 1989) for Holland typing of 
occupations). Realistic occupations were rated as the least compatible with relationship 
development. The discrepancy between Realistic and Social occupations in addressing 
relationship development was especially marked for women. 
Clearly, other rewards are important to women in choosing a career. Bridges (1989) also 
found that women were significantly more likely than men to value enjoyment of the work, 
fulfilling personal rewards (e.g., pride, fulfillment), personal challenge, and independence on 
the job. Both men and women placed high significance on salary. However, given the 
perception among women that career and relationship roles require trade-ofiT decisions 
(DiBenedetto & Tittle, 1990), and the expectations among women in nontraditional fields that 
they will integrate work and parent roles (O'Connell, Betz, & Kurth, 1989), the impact of 
relationship dimensions on women's nontraditional career decisions warrants 
further exploration. 
Corkery (1991) examined the predictiveness of relationship orientation in accounting for 
variance in science-relatedness of college major. She found that relationship orientation did 
not add significantly to the variance, once ACT-Math and Mathematics Self-Efficacy (MSB) 
were included in the equation. However, in a post-hoc analysis, she found that relationship 
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orientation added to the prediction of consideration of Realistic occupations, beyond 
ACT-Math and MSE. She used freshmen and sophomore students in her sample, and hence 
her prediction was to consideration of an occupation. Of interest are the relationships 
between these variables, and actual choice of an occupation. 
Incentive value of mathematics and science. Eccles (1987) defined incentive value with 
respect to the immediate rewards reaped from engaging in an activity. The study of 
mathematics and science is in itself rewarding for those who enjoy and are interested in the 
field. Enjoyment of a science course appears to be important for continuing in a scientific 
college major. Ware, Steckler, and Leserman (1985) used path analysis to identify 
contributing factors to decisions to major in science. Their subjects were men and women 
entering college with an expressed interest in majoring in science. Subjects were followed-up 
at the end of the freshman year. Students who reported that a science course was their most 
enjoyable class in the freshman year were more likely to follow through on a scientific 
academic major than those whose most enjoyable course was in a nonscientific discipline. 
Enjoyment of a science course was predictive of persistence for men and women. 
However, there was a significant difference between men and women in the percentage of 
students who responded that a science class was most enjoyable (49% of the men compared 
with 31% of the women). They found that men were more likely than women to declare a 
scientific academic major (69% versus 50% of the women). Men and women in this study had 
similar SAT-Math scores, similar high school mathematics preparation, and similar degrees of 
certainty in plans to pursue a science major. 
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The authors suggested that, because enjoyment of science classes in college seems to be a 
precursor for follow-through in declaring a scientific major, this experiential variable may 
partially explain gender differences in declaration of science majors by interested students. 
These results are similar to those found by Baruch and Nagy (1977), who found that high 
math ability students who did not enjoy their early science classes were likely to opt for 
nonscience majors. 
Attainment value of mathematics and science. Meece et al. (1983) described 
attainment value of a task as the likelihood that success at the task will reinforce valued 
characteristics of the self They noted that an individual's needs and self-perception interact 
with the perceived characteristics of the task, determining the value of the task. Attainment 
task value appears to be a strong mediator of gender differences in mathematics achievement 
(Eccles et al., 1984). Singer and Stake (1986) theorized that in general men place a greater 
value on success in mathematical fields than women, and hence are more willing to persist 
when they encounter difficulties. If women do not see math achievement as important to their 
overall feelings of competence, and of high value, then they would be more likely than men to 
choose another career path when they encounter difficulty in math-related fields. Singer and 
Stake's findings that math achievement does not enhance women's overall performance 
self-esteem, but does enhance men's, supports this hypothesis. 
Costs of pursuing mathematics and science. For students who obtain a college degree, 
migrating away from science and mathematics entails migrating towards another field. 
Students evaluate their expectations for success across several fields. Eccles (1987) noted 
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that the relative expectations for success across several fields, and the perceived relative 
amount of effort to succeed in various fields, may be important in understanding career 
choice. 
Abandoning a mathematics or scientific career pursuit may result fi"om weighing the 
relative expectations of success with other fields, and the relative amount of effort needed to 
reach goals. There is a perception that scientific or mathematical college majors are more 
demanding than majors in other fields, fi'om the perspective of time commitment and 
sacrifices. Whigham (1985) asked college women about the sacrifices that women engineers 
have to make in their personal and social lives. The women participated in a seminar designed 
to provide support and educate the women about engineering as a field. After participating in 
a seminar, women indicated more strongly that they saw the necessity of sacrifices for women 
who choose to become engineers. If a woman values other roles, such as those associated 
with family, then she may decide to develop nontechnical skills rather than pursue 
mathematics because of the anticipated costs of pursuing a mathematically related field 
(Eccles, 1987). 
As previously noted, women who attempt engineering and other technical majors tend to 
be multi-talented, with correspondingly strong English and social science achievement scores 
(Jagacinski & Lebold, 1981; Whigham, 1985). Thus, they may expect to be successfiil in 
other fields as well as in mathematics. Also, they may have interests in other areas, and 
may be dissatisfied with the necessary limitations of many activities to succeed in a scientific 
college major. Evans (1988) found that persisters and transfers felt that there are too few 
67 
electives in the engineering curriculum. The majority of women in her study agreed that they 
spent all of their free time studying. Women in Gardner and Broadus' (1990) study of 
engineering students also reported that they study more than they would like, and that they 
were concerned about their social lives. A large percentage of Evans' subjects saw themselves 
as people-oriented, enjoying people more than data or things (75,5% of transfers and 
69.4% of persisters). 
Kerr (1988) explained the dilemma faced by women in premedical or computer science 
fields. Women may be "...uncomfortable with committing themselves fully to a profession 
which may require extended education, geographical moves, and a difficult daily schedule..." 
(p. 261). Fowlkes (1980) agreed that male-dominated fields may have expectations which are 
difficult for women who value life roles other than worker. Fowlkes stated that the main 
barrier to women's professional participation "...is inherent in the very assumptions about 
professional work that have evolved from the male dominance of professional life." (p. 195). 
Gomick (1983), in her book Women in science, specifically identified long work weeks as 
difficult for most women. She stressed that occupations which require 90 hour work weeks 
exclude most women (and many men) who expect to combine family life with a career in the 
sciences. Kerr suggested that college women may cope with these conflicts by changing 
majors or avoiding psychological commitment to the profession. 
The majority of women in scientific and mathematical fields expect to combine careers 
with family obligations. Evans (1988) found that the majority of College of Engineering 
women (transfers and persisters) plan to combine work and family. Women in nontraditional 
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college majors do not seem to be different from women in traditional college majors in their 
work and family plans. O'Connell, Betz, and Kurth (1989) compared the work involvement 
plans of women in 
nontraditional and traditional fields. They sampled women in veterinary medicine and 
engineering (nontraditional) and nursing (traditional). They found that women in both groups 
had similar work plans. About a quarter of women in each group expected to work full time 
when they had preschool aged children. Russo and Denmark (1984) surveyed college women 
and found that 90% expected to have two or more children while maintaining careers. 
The findings of Betz (1984) support the reality of women combining career and family. 
Using a longitudinal design, Betz studied the career paths of498 women during the 10 years 
after college graduation. In her large sample, 79% of the women combined careers and 
homemaking. Only 1.4% of her sample were full-time homemakers during the 10- year span 
of the study. 
Integrating these roles appears to be a concern for women. DiBenedetto and Tittle (1990), 
sampling college students, found that women tend to see job commitment and having children 
as a trade-off The women tended to weigh overall responsibility (or involvement) in a job 
with respect to both roles. Daniels and Weingarten (1982) found that occupational choice in 
women was impacted by future parenting expectations. 
Even with changes in roles for men and women, gender differences in expectations persist. 
Holahan (1981, as referenced in Richardson and Johnson, 1984b) compared a cohort of 
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young men with an earlier cohort, and found that the men in the later study had greater 
awareness and appreciation for the importance of the family role in their lives. However, the 
young women attached more salience to diverse roles and potential conflicts than the young 
men. 
Certainly, men face multiple roles, but their career development does not appear to be as 
impacted by parent or home role expectations (Tittle, 1981). The men in DiBenedetto and 
Tittle's (1990) study did not anticipate trade-off decisions for themselves, instead viewing the 
roles of worker and parent independently. Interestingly, the men anticipated trade-off 
decisions for their future spouses. Women reported that they did not expect that their 
male spouses would face trade-off decisions. 
Part of these differences reflect the realistic expectation that women will cany the heavier 
burden for home and children than men. While some researchers are finding increased rates of 
equitable sharing of home responsibilities between spouses (Weeks & Gage, 1984; Farmer, 
1983), the bulk of the household workload still falls on women (see Thompson & Walker, 
1989 for a review). 
Farmer (1985) pointed out that women's career development needs to take into 
consideration that choices are made in the context of expectations for several roles (e.g. 
worker, partner and parent). Richardson and Johnson (1984a, b) recognized that women's 
roles tend to be enmeshed, requiring attention to many roles to understand career behavior. 
Weinberg and Tittle (1987) stressed that occupational values and preferences of job 
characteristics need to be evaluated with respect to the nonwork domain, especially where 
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work and nonwork domains intersect. 
Studies typically dichotomize life roles, focusing on either the work role or "other" roles, 
or "work versus homemaker" roles for women (Nevill & Super, 1988). However, life roles 
do not occur in isolation of one another. Super (1980) developed a life-span, life-space model 
to describe various life roles and how they integrate. Super identified several life roles, 
including student, worker, homemaker (spouse, parent), citizen, and leisurite. 
Self-Effficacv Expectations versus Expectancy Valence Theory 
Conceptual Distinctions 
Both self-efficacy expectations and expectancy-valence theory have been useful 
frameworks for understanding career behavior. However, it is unclear whether there is 
sufficient distinction between the two to warrant separate consideration. Conceptually, 
the constructs of self-efficacy expectations and outcome expectations are veiy similar. 
Self-efficacy expectations relate to beliefs or confidence that one can perform a given 
behavior. Outcome expectations refer to the belief that a specific behavior will lead to an 
outcome. Bandura's (1977a) distinction between the two constructs is as follows: "An 
outcome expectancy is defined as a person's estimate that a given behavior will lead to certmn 
outcomes. An efficacy expectation is the conviction that one can successfully execute the 
behavior required to produce the outcomes." (p. 193). One could conceivably expect a 
successful outcome from a behavior and simultaneously lack confidence in performing the 
behavior. Bandura pointed out that low levels of self-efficacy expectations may prevent a 
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person from engaging in a behavior despite expectations for success once the task is 
completed. 
Practically, the two constructs may be difficult to disentangle. Kirsch (1985, 1986) argued 
that logically and operationally, self-efficacy expectations and expectations for success are 
equivalent. Marziller and Eastman (1984) agreed with Kirsch that operationally they cannot 
be disentangled. They noted that; 
Since human activity can be seen as a continuous interchange between behavior and 
environmental response (outcome), any assessment about how well one is going to 
perform a particular activity must take into account not only one's own estimation of 
competence but also an assessment of what likely outcomes may occur, (p. 259) 
Teasdale (1978) agreed that the constructs, as Bandura (1977a) operationalized them, 
are related. Teasdale noted that by including the words "successfully" and "required to 
produce the outcomes" in his directions, Bandura confounded outcome expectations with self-
efficacy expectations. 
Maddux, Norton, and Stoltenberg (1986) conceded that separating the constructs in 
research has been difficult. However, they agreed with Bandura (1977a) that the constructs 
are conceptually distinct. Maddux et al. believed that the constructs could be disentangled 
operationally. They developed independent measures of self-efficacy expectation and 
outcome expectation with respect to assertion skills, thus empirically and conceptually 
differentiating the constructs. 
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Brooks and Betz (1990) used expectancy-valence theory to predict occupational choices of 
college students. They operationalized expectancy for success with respect to four stages of 
implementation in an occupation; completing necessary education, getting a job in the field, 
being able to do the job successfully, and advancement. They did not include a measure of 
self-eflBcacy in their investigation. However, they found that the expectancy component was 
conceptually and methodologically similar to self-efficacy expectations. Further, the gender 
differences in expectancy were similar to those found with measures of self-
efficacy (e.g., Betz & Hackett, 1981). Thus, they raised doubts that they were actually 
measuring a separate construct than self-efficacy. They called for research which addresses 
the similarities and differences between these constructs. 
Research in the self-efficacy and expectancy-valence orientations diverge in the attention 
given to valence. Expectancy-valence theory puts valence as a central component of the 
theory, and research using this theory reflects this importance. Bandura (1986) 
conceptualized valence from the perspective of incentives for behavior, stressing that action 
which is rewarded tends to be repeated. Bandura recognized the importance of reward 
systems in behavior, and individual differences in reward preferences. He allocated a whole 
chapter to incentive motivators in his book Social Foundations of Thought and Action. Lent 
and Hackett (1987) also recognized that incentives are important in understanding behavior. 
They saw outcome expectations and incentives as "conceptual partners" with self-efficacy 
expectations. However, incentives for behavior have not received much research attention in 
the self-efficacy literature. 
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In summary, a conceptual distinction can be made between outcome expectations and 
self-efficacy expectations, but operationally the constructs are very difficult to disentangle. 
Incorporating aspects of valence to self-efficacy explorations offers promise. 
Empirical Comparisons between Self-Eflfîcacv Expectations and Expectancy Valence 
Theory 
To date, no study in the career choice literature has been identified which examined 
expectancy, valence, and self-efficacy simultaneously. However, several studies included 
components of these theories. Wheeler (1983) compared the self-efficacy model with 
expectancy-valance in predicting occupational preference. However, he examined only the 
valence aspect of expectancy-valance, neglecting the expectancy component. He found both 
self-efficacy and valence contributed uniquely in accounting for variance in occupational 
preference. Wheeler recommended that both components be included in future research. 
Lent, Lopez, and Bieschke (1991) examined the relationships between self-efficacy 
expectations, outcome expectations, interests, and science-related occupational choices. They 
did not measure valence. They found that self-efficacy expectations and outcome 
expectations added unique contributions to predicting interest and career choice. Interests 
mediated the effects of self-efficacy on science-related career choice. 
Lent, Brown, and Larkin (1987) compared three theories in predicting career and academic 
behavior; self-efficacy; person-enviroimient congruence (Holland); and consequence thinking 
(Janis & Mann, 1977). Briefly, consequence thinking is a component of Janis and Mann's 
conflict theory of decision making. Janis and Mann postulated that a stable decision results 
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from consideration of potential consequences before making a choice. This conceptualization 
is similar to outcome expectations. Lent et al. found that only ability and self-efficacy 
expectations accounted for variance in academic achievement and persistence. Self-efficacy 
and congruence contributed uniquely in predicting range of career options, with self-efficacy 
the superior predictor. 
Self-efficacy has been compared to other theories in predicting career related behaviors. In 
her sample of college women, Layton (1984) found self-efficacy to be a better predictor of 
career exploration and consideration of occupations than locus of control. Siegel, Galassi, 
and Ware (1985) found that social learning variables were better predictors of mathematical 
performance than math aptitude/anxiety variables. They included a measure of outcome 
expectations, a variable consistent with expectancy models. However, they operationally 
defined this variable as the degree to which exam performance was believed to be due to 
ability and skills as opposed to extraneous circumstances. This definition more closely 
corresponds with performance attributions than with Bandura's (1982) definition of outcome 
expectations (Lent & Hackett, (1987). 
Combining Aspects of Self-Efficacv Expectations and Expectancy Valence Theory 
Participation in mathematics and science and persistence appear to be influenced by several 
factors. DeBoer (1987) stressed that participation in mathematics and science is not simply a 
function of success experiences in science courses, but depends on a number of variables, 
psychological and motivational. To understand career decisions, a combination of factors 
need to be examined. 
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PURPOSE OF THE PRESENT STUDY 
Statement of the Problem 
Women continue to be underrepresented in math-related fields such as engineering, 
mathematics, and physical science. Attempts have been made to attract women to 
engineering, mathematics, and physical science college majors, but attention also must also be 
given to retention. Some studies (e.g.. Ware, Steckler, & Lesserman, 1985) have found a 
greater rate of attrition among women than men in engineering, scientific, or mathematical 
college majors. Given the relatively small number of women who attempt these majors, 
attrition is of major concern. The purpose of this study is to explore factors related to 
persistence versus attrition of women in technical college majors. 
Summary of the Literature 
Ability and interests are central to many theories of career choice. However, mathematical 
ability and interest do not fiilly explain gender differences in representation and persistence in 
engineering, physical science, and mathematical fields. There are many women who have the 
mathematical ability and interest to succeed in these fields, but who change to 
nonmathematical majors in college. 
Betz and Fitzgerald (1987) described barriers to women's career progress in math-related, 
male-dominated fields. Lack of social support has been empirically documented as such a 
barrier (Betz & Fitzgerald, 1987; Farmer, 1985). Competitiveness in male-dominated fields 
also has been identified as a barrier. Eccles (1987) suggested that for many women, 
competitive environments thwart confidence. Overall, the college environment has been 
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described as lacking in support for women in engineering, physical science, and mathematics 
(Betz & Fitzgerald, 1987). 
Internal or psychological barriers which have been identified in the literature include low 
self-efficacy expectations in technical fields (see Lent & Hackett, 1987, for a review). Also, 
women's career decisions are made in context of expectations of other life roles, such as 
mother and spouse. The expected trade-offs between the areas of work, relationship, and 
leisure are important for women's career behavior. Another potential barrier is the grade goals 
women impose on themselves. 
Description of this Study 
This study examined factors relevant to women's persistence and attrition in engineering 
and related disciplines. Theories of career behavior were used to identify variables, and these 
variables were evaluated relative to measures of ability in predicting persistence. Theories 
included social learning theory (Bandura, 1986), expectancy-valence theory (Vroom, 1964), 
and congruence theory (Holland, 1973). 
Social learning theory predicts that self-efficacy expectations will influence persistence. 
Mathematics self-efficacy, and self-efficacy with respect to technical and scientific 
fields were assessed. Sources of self-efficacy expectations were evaluated, and their 
relationship to measures of mathematics self-efficacy were examined. 
Variables identified through expectancy-valence theory were outcome expectations and 
life-style orientation. Congruence was evaluated by examining the fit between pre-college 
interests and original choice of a college major. 
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Potential supports/barriers to women's participation in technical fields also were included. 
Specifically examined were social support, support from instructors, and perception of the 
environment as competitive. Other variables that were explored included grade goals and 
interpersonal competitiveness. 
For the purposes of this study, persisters were defined as students still enrolled in 
engineering, physical science, and mathematical college majors as juniors or seniors. 
Participants were grouped according to persistence status and gender, and group differences 
were examined. 
Hypotheses 
1. It is expected that each theory (self-efBcacy, expectancy- valence, congruence, and 
support/barriers) will explain part of the variance in persistence in engineering and related 
college majors. 
a. Each theory will contribute beyond ability to predicting persistence. 
b. The combination of self-efficacy expectations, expectancy- valence, congruence, 
support/barriers, and ability will predict persistence better than any single theory. 
c. Gender and ability will not add to the prediction beyond what is accounted for by 
self-efficacy expectations, expectancy- valence, congruence, and support/barriers. 
d. Congruence will not add to the prediction beyond what is accounted for by 
self-efficacy expectations, expectancy- valence, and support/barriers. 
2. The four sources of self-efficacy information (personal performance accomplishments, 
vicarious learning, verbal persuasion, and emotional arousal) will account for variance 
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in scores on the two measures of mathematics self-eflicacy. 
a. Personal performance accomplishments will have the highest correlation 
with measures of mathematics self-efficacy, and will be the best predictor. 
b. Ability measures will add to the variance accounted for in mathematics self-efficacy. 
c. The sources of self-efficacy information will contribute to the prediction of 
mathematics self-efficacy beyond ability measures. 
3. Men and women will differ on some measures. 
a. Gender will be moderately important in predicting persistence. 
b. Women will report lower levels of interpersonal competitiveness than men. 
c. Women will have higher grade point averages and ACT-Mathematics scores than 
men. 
d. Women will perceive the environment in engineering and related disciplines as 
more competitive and less supportive than the men. 
e. Women will be more likely than men to have a relationship orientation. Men on the 
other hand will be more likely than women to have a work orientation. 
f Women and men will report different reasons for leaving engineering, with more 
women identifying internal reasons, and more men identifying external reasons. 
4. Persisters and nonpersisters will differ on measured variables. 
a. Persisters will have higher levels of mathematics self-efficacy, and will have 
higher levels of personal performance accomplishments, vicarious learning, and 
verbal persuasion, and lower levels of emotional arousal, than nonpersisters. 
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b. Persisters will perceive the environment in engineering as less competitive, and 
more supportive than will nonpersisters. 
c. Persisters will be more likely than nonpersisters to have a work orientation. 
d. The congruence between interests and choice of a scientific college major will be 
greater for persisters than nonpersisters. 
5. There will be a gender by persistence interaction for perception of the environment 
as competitive, with competitiveness in the environment having a neutral or positive 
influence on the persistence of men, and a negative influence on the persistence of 
women. 
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METHOD 
Sampling Procedures 
Students who entered the College of Engineering at Iowa State University fall of 1987 
through fall of 1989 were identified through a computerized sort of admissions files. Students 
who were American citizens or residents, and who entered ISU directly fi"om high school were 
retained. These names were then cross-referenced with spring 1992 files fi"om the registrar's 
office to identify students who were still enrolled at ISU at the time of the study. Efforts were 
made to include all women who met the selection criteria in the study. A random sample of 
men was selected for participation. 
The sampling procedures identified 240 women and randomly selected 361 men for 
inclusion in the study. Addresses were not available for 4 women and 13 men, so the resulting 
initial sample consisted of236 women and 348 men (total sample of 584). 
Solicitation of Participants 
After the Iowa State University Human Subjects Committee approved this research 
project, each student identified through the procedures just described was sent a letter 
soliciting their participation in the study (see Appendix A). In this letter, students were asked 
to complete the enclosed questionnaire (see Appendix B) and sign a consent form, giving the 
experimenter permission to access their grade point average (GPA) and ACT files from 
University records, including ACT test information, responses to the ACT Interest Inventory, 
and ACT Student Profile Section. 
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Because the number of women who enter engineering and related disciplines is so small, 
and because the main purpose of the study was to understand women's experiences, special 
efforts were made to solicit their participation. Their questionnaire had a different cover (see 
Appendix B), billing the survey as a study of "women's experiences." The letter of solicitation 
for women was slightly different (see Appendix A), stressing the importance of understanding 
"women's experiences" in engineering and related disciplines. Finally, women were 
overrepresented in follow-up telephone calls to encourage participation. 
Respondents 
A total of 135 women and 143 men chose to participate in the study by returning 
completed survey questionnaires and consent forms. All participants met the selection criteria 
and were currently enrolled at ISU at the time of the study. The majority of participants were 
third or fourth year students at Iowa State University. Fifty-seven identified themselves as fifth 
year students. Two participants said they were second year students. The mean age of 
participants was 21.50, with a standard deviation of .94. 
The response rate for the total sample was 47.6%, with a response rate of 57.2% for 
women and 41.1% for men. 
Summary of Data Collected 
Grade Point Average 
First semester grade point averages (GPAl) and most recent cumulative grade point 
averages (GPACUM) were obtained from Iowa State University records for all respondents 
giving permission to access these data. 
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ACT Data 
The American College Testing Program developed an assessment program to assist 
students in their post-secondary educational plans. This program is described in ACT 
Assessment Program Technical Manual (American College Testing Program, 1988). The 
following sections draw on information presented in this technical manual. 
Three components from the ACT Assessment Program were utilized in this study. These 
included the tests of educational development, the student profile section, and the ACT 
Interest Inventory. 
ACT Tests of Educational Development 
The four educational tests of the ACT are English Usage (ACT-E), Mathematics Usage 
(ACT-M), Social Studies Reading (ACT-SS), and Natural Sciences Reading (ACT-NS). 
The ACT also generates a composite score (ACT-C). 
The English Usage (ACT-E) Test contains 75 items and purports to measure student's 
understanding of the conventions of standard written English. It includes punctuation, 
grammar, sentence structure, diction and style, and logic and organization. 
The Mathematics Usage Test (ACT-M) has 40 items and measures mathematical 
reasoning ability. Problems are quantitative and involve proficiencies emphasized in high 
school plane geometry and algebra (first and second year). Content areas included on the test 
are arithmetic and algebraic operations, arithmetic and algebraic reasoning, geometry, 
intermediate algebra, number and numeration concepts, and advanced topics. 
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The Social Studies Reading Test (ACT-SS) contains 52 items and measures skills required 
in the social studies, including comprehension, analytical and evaluative reasoning, and 
problem-solving skills. Two types of items are presented; items based on reading passages, 
and items based on general background or information from the social studies high school 
curricula. Content areas include history, government, economics, sociology and 
anthropology, and psychology. 
The Natural Sciences Reading Test (ACT-NS) contains 52 items. It measures skills 
important to natural science; interpretation, analysis, evaluation, critical reasoning, and 
problem-solving skills. Item content is based on basic high school courses in the natural 
sciences. The content areas are biology, chemistry, physics, and physical sciences. 
Raw scores on each of the tests are converted to standard scores based on data from over 
two million college-bound seniors. The scale means and standard deviations are: ACT-E 
18.2(5.4); ACT-M 17.1 (8.1); ACT-SS 17.4 (7.3); ACT-NS 21.1 (6.4); and ACT-C 18.6 
(6.0). Scores range from a minimum score of 1 to a maximum score of 33 for ACT-E, 36 for 
ACT-M, 34 for ACT-SS, and 35 for ACT-NS. The Composite score is the average of the 
standard scores on the four measures, and ranges from 1 to 35. 
The Kuder-Richardson formula 20 (KR20) reliability coefficients are provided for a 
random sample of 2000 examinees from each national test date between 1984 and 1986. 
Mean KR20 coefficients were .91 for ACT-E, .89 for ACT-M, .87 for ACT-SS, .84 for 
ACT-NS, and .96 for ACT-C. 
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Predictive validity is demonstrated through correlations of the four tests and college 
grades. Using data from 1985-86 freshmen at 510 colleges, the median multiple correlation 
for predicting first semester GPA from the four Tests of Educational Development was .48. 
When high school GPA was added to the equation, the median multiple correlation was .55. 
ACT Interest Inventory 
The ACT Interest Inventory (UNIACT) is a 90-item instrument designed to measure 
interests. It's six scales, 15 items each, are Technical, Science, Arts, Social Service, Business 
Contact, and Operations. These scales correspond respectively to Holland's (1985a) themes 
of Realistic, Investigative, Artistic, Social, Enterprising, and Conventional. 
Items on the UNIACT are balanced for gender, resulting in approximately equal gender 
distributions on the scales. Thus, standard scores are similar across scales for men and 
women (American College Testing, 1981). Gender-balanced scoring attempts to increase the 
likelihood that women will have expressed interests in Technical and Scientific areas by 
tapping into behaviors that correspond with these themes but are not stereotypically male. 
Internal consistency reliability for the UNIACT is high, as reflected in coefficient alphas 
ranging from .83 to .93 across the six scales. Six-week test-retest reliability is reported to be 
.76 to .84. Over 30 months, test-retest reliability ranges from .60 to .69. Construct validity 
and criterion-related validity are described in the manuals (ACT, 1981; 1988), and supported 
in additional studies (Lamb & Prediger, 1979; Prediger & Lamb, 1981). Participants respond 
to items with "like", "indifferent", or "dislike" and are assigned corresponding scores of 3, 2, 
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or 1. Raw scores are converted to standard scores (mean = 50, standard deviation =10), and 
participants receive a three code type (their three highest scale scores). 
Interest congruence. Two different methods for determining congruence were used. The 
first method (here called INCONGRUl) replicated Betz, Heesacker, and Shuttleworth 
(1990). Standardized interest scores on the UNI ACT were ranked for each participant. 
Participants were assigned a Holland type based on their highest interest score. Similarly, 
original college majors were categorized by Holland type, using the ISU Counseling Center's 
Guide From Holland Code to ISU Major. This guide is based on The College Majors Finder 
developed by Rosen, Holmberg, and Holland (1987) and is specific to ISU majors. See Table 
1 for a listing of engineering college majors and their Holland three letter type. 
Table 1 ; Holland codes for engineering majors at Iowa State University 
Holland 3 - Point Code 
Major 1 2 3 
Aerospace Engineering I R E 
Agricultural Engineering I R E 
Ceramic Engineering I R S 
Chemical Engineering I R S 
Civil Engineering I R E 
Computer Engineering I R E 
Construction Engineering R I S 
Electrical Engineering R I E 
Engineering Mechanics R E S 
Engineering Science R E S 
Industrial Engineering E I R 
Mechanical Engineering R I S 
Unspecified Engineering ° R E S 
Note: Holland Codes arc from Holland Code to ISU Major 
" Unspecified Engineering is from The College Majors Finder. 
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The first measure of congruence (INCONGRU 1) classified participants using a scale of 1 
(congruent) to 3 (incongruent). A person was classified as "congruent" (Score=l) if one of 
the following situations existed: 1) the UNIACT three letter type perfectly matched the 
original major, or 2) the UNIACT three letter type had the first two letters in common with 
the original major, in the same order, or 3) the UNIACT three letter type had the same three 
letters in any order as the original major. Participants were classified as "partially congruent" 
(Score=2) if 1) the UNIACT three letter type had the same first letter as the original major, or 
2) the first two letters of the UNIACT corresponded with two letters in the original major, in 
any order, or 3) the first two letters in the original major corresponded to the UNIACT code, 
in any order. All other participants were categorized as "incongruent" (Score=3). 
The second method for calculating congruence (INC0NGRU2) was based on procedures 
used by Laing, Swaney, and Prediger (1984). Participants' three letter types, and the three 
letter type for their original majors, were determined as referenced previously. Scores for 
INC0NGRU2 ranged from 1 (congment) to 4 (incongruent). A score of 1 was assigned if the 
first letter Holland code of the participant's original major was the same as the highest 
UNIACT interest score. A score of 2 was assigned if the first letter Holland code of the 
original major was the same as the second highest UNIACT interest score. A score of 3 was 
assigned if the original major's first letter Holland code was the same as the third highest 
UNIACT interest score. A score of 4 was assigned if none of the three highest interest scores 
matched the first letter Holland code of the original major. If there was a tie between interest 
87 
scores, the highest possible congruence score was assigned. Higher scores represent lower 
levels of congruence. 
ACT Student Profile Section 
Certainty of occupational choice. The ACT Student Profile Section asked students to 
indicate their degree of certainty in their current choice of a college major (Question #14) and 
occupational choice (Question #15). Responses range fi'om 1, "I am very sure" to 3, "I am 
not sure." These questions serve as rough estimates of general self-eflBcacy with respect to 
major and occupational choice. This type of self-efficacy is a dimension of Betz and Hackett's 
(1986) general construct of "career self-efficacy," or self-efficacy with respect to the various 
behaviors involved in career choice. These two questions provided limited information about 
how confident participants were about their original major and career choice in engineering 
and related disciplines. 
Expected college performance. The ACT Student Profile Section assessed estimations 
of overall college grade point averages at the end of the first year in college (Question #17). 
Responses ranged fi^om D-/D to A-/A. This question related to grade outcome expectations 
before entering college, and may be a rough estimate of general self-efficacy for college 
performance. 
The Profile Section also asked students if they felt they needed help improving their 
mathematical skills (Question #23) and if they were interested in advanced placement in 
mathematics (Question #29). For both questions, l="yes" and 2="no." These questions 
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related to confidence in mathematical ability before entering college, and may be rough 
estimates of mathematics self-efRcacy. 
Survey Questionnaire 
Mathematics Self-Elfficacv -Courses fMSE-COURSES) 
This study used a revised version of the Math Courses subscale of the Mathematics 
Self-Efficacy Scale (Betz & Hackett, 1983). In Betz and Hackett's (1983) full 52- item 
instrument, there are three subscales. The Math Tasks subscale measures confidence in 
completing "everyday" mathematics tasks such as balancing a checkbook (18 items). The 
Math Courses subscale (MSE-COURSES) measures confidence in being able to complete 
mathematically related college courses with a B grade or higher (16 items). Finally, the Math 
Problems subscale involves confidence ratings of being able to complete 18 arithmetic, 
algebra, and geometry problems. 
Confidence ratings for all items ranged fi"om "0" (no confidence) to "9" (complete 
confidence). Scores on each subscale are obtained by summing item responses, and dividing 
by the total number of items on the subscale. Mean scores for math self-efficacy are 
calculated across the three subscales. Betz and Hackett (1983) reported coefficient alpha of 
.93 for the MSE-COURSES subscale, with item-total correlations ranging fi-om .33 to .73. 
Coefficient alphas for the two other subscales were .90 for the math tasks, .92 for the math 
problems, and .96 for the full scale. 
Betz and Hackett provided some evidence of convergent validity through the total scale's 
correlations with related scales. Moderate correlations were found between the total scale 
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and math attitudes (math anxiety, math confidence, usefulness of mathematics, and 
achievement motivation (Hackett, 1985). Hackett also found a positive correlation between 
the MSES and masculinity, as measured by the Bern Sex Role Inventory (Bern, 1974). 
A modified version of the MSE-COURSES subscale was used in this study. The fijll 52 
item Mathematics Self-Efficacy Scale was not used because of expected ceiling effects with 
engineering majors on the subscales of Math Tasks and Math Problems. Given that Betz and 
Hackett (1983) reported coefficient alphas ranging fi-om .90 to .93 for the three subscales, and 
the full scale coefficient alpha was .96 it was anticipated that the math courses subscale alone 
would be as good a measure as the full scale. Lent, Lopez, and Bieschke (1991) used the 
MSE-COURSES subscale as a measure of mathematics self-efficacy, establishing precedent 
for this decision. 
The MSE-COURSES subscale was revised to include more items that reflected higher 
math proficiency, to further control for ceiling effects. It was assumed that the lower-level 
mathematics courses used in Betz and Hackett's scale (e.g. Basic College Math) would not 
produce sufficient variability in responses for this select group of students who entered college 
with expectations of pursuing a math-related major. Also, most of the participants would 
have already taken many of the courses included on Betz and Hackett's measure, so their 
responses of grade expectations would be based on actual performance rather than 
confidence. Thus, the list of courses was expanded to include courses that would challenge 
this population and that would be beyond the standard courses most of them would take. The 
courses added to the original list were math classes with a prerequisite of calculus and math 
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classes identified by Cheryl Moller-Wong, Assistant Professor in the College of Engineering, 
as particularly challenging for this group of students. The revised list of courses is presented 
in the MSB section of the Survey Questionnaire in Appendix B. 
Self-Efifîcacv for Technical/Scientific Fields (MSE-OCCUPATIONS) 
Lent, Brown, and Larkin (1984) developed a scale to measure self-eflRcacy with respect to 
technical and scientific fields. Their scale contained two sections, each consisting of 15 
scientific and engineering occupations. One section asked respondents about their confidence 
in their abilities to complete the educational requirements of the occupations. The second 
section asked respondents about their confidence in their abilities to perform the necessary job 
duties of the occupations. Level of self-eflHcacy expectations was assessed by asking 
respondents whether or not they thought they could successfijlly complete the educational 
requirements or successfully perform the job duties of each occupation. Strength of 
self-efficacy expectations was assessed by having respondents rate their degree of confidence 
for each occupation, using a 10-point scale ranging from "completely unsure" (1) to 
"completely sure" (10). 
As noted previously, self-efficacy measures typically confound level and strength due to 
the difficulty in operationalizing level. Bandura (1984) agreed that assessing strength alone is 
sufficient for assessing self-efficacy when the two constructs cannot be distinguished 
operationally. Lent et al. (1984) reported a correlation of .81 between their measures of level 
and strength, reinforcing the decision to rely on strength to measure the construct. 
Furthermore, Lent et al. (1986, 1987) used only the educational requirements section. 
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omitting the job duties component. They reached this decision based on conceptual relevance 
to their investigations. 
Scores on this measure were computed by summing strength estimates, and dividing by 15, 
the number of occupations on the scale. Lent, Brown, and Larkin (1984) reported an alpha of 
.89 and an 8-week test-retest coefficient of .89 for the educational requirements subscale. 
The anchor descriptors of the educational requirements subscale were modified slightly for 
this investigation to range fi-om "no confidence at all" (1) to "complete confidence" (10) in 
one's ability to successfiilly complete the education and or training required to enter each 
occupations. The educational requirements subscale, hereafter referred to as 
"MSE-OCCUPATIONS" appears in the MSE section of the Survey Questionnaire in 
Appendix B. 
Perceived Sources of Mathematics Self-Efficacv fMSE-SOURCES) 
Lent, Lopez, and Bieschke (1991) developed this forty item scale to measure the perceived 
sources of self-efficacy information proposed by Bandura (1977, 1986). They developed four 
10-item scales corresponding to each of Bandura's proposed sources of self-efficacy 
information. The four subscales are Personal Performance Accomplishments (e.g., "I received 
good grades in my high school math classes"). Vicarious Learning (e.g., "My favorite teachers 
were usually math teachers"). Social Persuasion (e.g., "My parents have encouraged me to be 
proud of my math ability"), and Emotional Arousal (e.g., "I almost never get uptight while 
taking math tests"). The last scale. Emotional Arousal, was taken fi-om Fennema-Sherman 
Math Anxiety Scale, as revised by Betz (1978). 
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A 5-point response category was used, ranging from "Strongly Disagree" (1) to "Strongly 
Agree" (5). Scores are obtained by summing each subscale, with higher scores reflecting 
more personal successes (Personal Performance Accomplishments), more modeling 
experiences (Vicarious Learning), more social support (Social Persuasion), and less anxiety 
about math tasks (Emotional Arousal). 
Lent and associates reported coefficient alpha values and intercorrelations among the four 
subscales. These data appear in Table 2. The internal consistency of Lent et al.'s (1991) 
Vicarious Learning subscale was relatively low (.56), raising some concerns about this 
subscale's accuracy in measuring the construct. The alpha coefficient for Social Persuasion 
was .74, Personal Performance Accomplishments was .86, and Emotional Arousal was .90. 
Bandura (1977a) conceptualized vicarious learning as a process of social comparison with 
a model who performs a behavior. The effectiveness of a model in promoting vicarious 
learning depends on the characteristics of the model, such as similarity. With respect to career 
related behaviors, an effective model may be a person one wishes to emulate. Therefore, Lent 
et al.'s items were modified for the present study to include a component of admiring models 
of behavior. For example. Lent et al.'s negatively scored item "Most friends of mine did 
poorly in high school math courses" was modified to read "Most friends 1 admired did poorly 
in college math courses." As is evident in the previous example, items also were modified to 
reflect college rather than high school experiences. The items on this scale appear in the SSE 
section of the Survey Questionnaire, in Appendix B. 
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Table 2: Intercorrelations and alpha coefficients for the sources of self-efficacy scales and 
ACT-M as presented in Lent et al. (1991) 
1 2 3 4 5 alpha 
1. Personal Performance Accompl. ----- .86 
2. Vicarious Learning .26** .56 
3. Social Persuasion .75*** .35** - - - .74 
4. Emotional Arousal .76*** .20** .66*** - - .90 
5. ACT-M .54** .00 .44** .38** -
Note: Data are from Lent, Lopez, and Bieschke (1991). 
* p < .05 
** p < .01 
***  p< .001  
Interpersonal Competitiveness Scale flCS) 
The Competitiveness Questionnaire (Griffin-Pierson, 1988) contains two scales which 
measure different aspects of competitiveness, interpersonal competitiveness (ICS) and goal 
competitiveness (GCS). This questionnaire was developed through factor analysis, resulting 
in two independent scales. The present study used only the ICS. 
The internal consistency reliability coefficients for the 8-item ICS are .75 for men and .73 
for women. Griffin-Pierson (1988) reported test-retest reliability of .95 for this scale. She 
provided validity information through the questionnaire's correlations with other scales. 
Griffin-Pierson found a positive correlation of .62 between the ICS and the Competitiveness 
scale on Helmreich and Spence's (1978) Work and Family Orientation Questionnaire 
(WOFO). Griffin-Pierson found gender differences on the Interpersonal Competitiveness 
scale, with men scoring significantly higher. 
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Life-Style Inventory fLSM 
The Life-Style Inventoiy (LSI, Epperson, Lucas, & Zytowski, 1983) is a research 
instrument developed to measure life-style preferences. The inventory was designed to assess 
the life domains of work, relationship, and leisure. Scores reflect central orientation with 
respect to these three life-style components. 
In its original form, the LSI consisted of 51 items, and asked respondents to rate their 
agreement with each item using a 5-point Likert scale ranging from 1, "Completely Disagree" 
to 5, "Completely Agree". Hogan (1990) revised items on the inventoiy to increase internal 
consistencies, resulting in a scale with 45 items. In particular, she modified the leisure scale to 
include items that reflect perceived freedom and intrinsic motivation, adding five new items, 
revising nine items, and deleting seven items. The revised scale had alpha coefficients of .74 
for work, .80 for relationship, and .78 for leisure (Hogan, 1990). 
Hogan (1990) noted that a problem with the LSI is subjects' tendencies to positively 
endorse a large number of items, resulting in high scores on all three dimensions. In response, 
Hogan (1990) developed a forced choice version of the inventory which addresses the issue of 
choices in context of other demands. The forced choice version seemed most appropriate for 
the present study because, as noted earlier, women tend to see trade-offs in their life roles 
(DiBenedetto & Tittle, 1990). 
The forced choice version contains 15 triads. Respondents indicate which statement in 
each triad is "most true" of them, and "least true" of them, leaving one statement blank in each 
triad. Triads are scored based on the rankings the respondent assigns, with the "most true" 
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receiving a score of "2," the blank response receiving a score of "1," and the "least true" 
statement receiving a score of "0." Participants are then assigned to one of the three central 
lifestyle orientations based on their total scores on the subscales. The scored LSI creates a 
new variable with four categories; work, relationship, leisure, and undifferentiated. 
Hogan (1990) reported correlations between the forced and free choice versions of .63 for 
work, .59 for relationship, and .61 for leisure. Internal consistency coefficients for the 
forced-choice version were .80 for the work dimension, .67 for the relationship dimension, 
and .77 for the leisure dimension. On the forced-choice version, Hogan (1990) reported 
means and standard deviations of 13.43 (6.12) for work, 16.27 (4.72) for relationship, and 
15.34 (5.88) for leisure. A copy of the LSI can be found in the LSI portion of the Survey 
Questionnaire in Appendix B. 
Outcome Expectations fOE) 
Lent, Lopez, and Bieschke (1991) developed a 10-item scale to measure outcome 
expectations associated with taking mathematics courses. Their items were all related to 
positive outcomes, and responses ranged from "strongly disagree" (0) to "strongly agree" 
(9). Items were summed and divided by the total number of items, resulting in scores ranging 
from 0 to 9, with higher scores reflecting strong outcome beliefs. They reported a coefficient 
alpha of .90 for the scale. 
In the present study, items were modified slightly, and several items were added to Lent et 
al.'s (1991) scale. The majority of Lent et al.'s items reflected Eccles' (1987) categories of 
utility and attainment value of outcomes. Items were added to reflect Eccles' other categories 
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of outcome values, incentive value and costs. Incentive value is the value with respect to the 
immediate rewards from engaging in an activity. The study of mathematics and science is in 
itself rewarding for those who enjoy and are interested in the subject matter, and items were 
added to reflect enjoyment of mathematics and science. Pursuing mathematics may also have 
associated costs, and cost and benefit expectations must be evaluated together to understand 
the salience of outcome expectations for persistence. The modified scale contained 21 items, 
and is experimental at this stage. The OE appears in the CTA section of the Survey 
Questionnaire in Appendix B. 
Classroom Environment Scale (CES) 
The Classroom Environment Scale (CES) (Moos & Trickett, 1987) is a measurement tool 
to assess classroom environments or climates in junior high and high school. It is made up of 
nine subscales, with 10 items per scale. This investigation used a modified version of the 
Teacher Support (CES-TS) and Competition (CES-C) subscales. The Teacher Support 
subscale measures the amount of help and friendship the students perceive fi'om the teacher. 
It measures the degree to which the teacher trusts students, is open with them, and is 
interested in their ideas. The Competition subscale measures students' perceptions of 
competition for grades and recognition in the classroom, and difficulty in earning good grades. 
These two subscales were modified to assess college students' classroom experiences 
within their major field. The use of this modified version of the Classroom Environment Scale 
with this population is experimental. The Classroom Environment Scale was designed and 
developed for junior high and high school classrooms, but it has been used in a college setting. 
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For example, DeYoung (1977a, 1977b) used the inventory to assess the environment in a 
college sociology class. However, Moos and Trickett (1987) do not provide norms for use of 
the instrument with college students. 
Moos and Trickett ( 1987) developed this inventory to assess the climate of a particular 
classroom. However, the inventory has been adapted to assess overall school environment 
rather than one particular classroom (Felner, Ginter, & Primavera, 1982; Felner, Aber, 
Primavera, & Cauce, 1985), so there is a precedent for using the inventory in a broader sense 
than for which it was designed. 
Finally, the scales were modified to have a response format ranging from "strongly 
disagree" (I) to "strongly agree" (4), rather than the true/false format of the original 
inventory, to be consistent with other response formats in this study. The modified scales 
appear in the CES section of the Survey Questionnaire in Appendix B. 
Technical information for the Classroom Environment Scale are provided in the technical 
manual (Moos & Trickett, 1987). The information described in the manual refers to the 
original inventory, and thus does not necessarily apply to the revised instrument used in this 
study. 
Moos and Trickett (1987) reported alphas of .84 for Teacher Support, and .67 for 
Competition. Six week test-retest reliability coefficients were .89, and .81 respectively. Moos 
and Trickett (1987) provided some evidence of construct validity. They monitored teacher 
behavior in 38 classes and evaluated the correlations between the students' perceptions of the 
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environment and the methods of teaching, such as special projects and small group 
discussions. Their data supported the construct validity of the instrument. 
Social Provisions Scale (SPS) 
A slightly revised version of the Social Provisions Scale (SPS) (Cutrona & Russell, 1987; 
Russell & Cutrona, 1984) was used in this investigation. The SPS is a measure of perceived 
social support, and it measures six provisions of social relationships, as described by Weiss 
(1974). The provisions are guidance, reliable alliance, attachment, social integration, 
reassurance of worth, and opportunity to provide nurturance. Each provision is measured 
with four items, for a total of 24 items on the scale. Response categories range from "strongly 
disagree" (1) to "strongly agree" (4). Negatively coded items are reverse scored, and scores 
on the inventory are determined by summing responses. 
Cutrona and Russel (1987) reported alpha coefficients for the six provisions that ranged 
from .65 for reliable alliance to .76 for guidance. The full scale's alpha coefficient was 
reported to be .92. Cutrona and Russell also factor analyzed the six provisions, and found 
that the six social provisions formed highly correlated factors reflecting a global social support 
factor. The full scale was used in this study. 
Cutrona and Russell (1987) instructed respondents to consider their entire network of 
social support in responding to these questions. This investigation modified the directions, 
instructing participants to respond with respect to the support they received from others in 
engineering, mathematics, or science. The sources could be other students in these majors, 
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professors or instructors, or others in the department. The SPS items are interspersed in the 
CES section of the Survey Questionnaire in Appendix B. 
Retrospective Grade Expectations 
Four items were used to assess college grade expectations (GPA). The grade categories 
are the same as those used by question 17 (PROFIT) in the ACT Student Profile Section. 
Participants responded to four questions about their pre-college grade expectations. The first 
question asked them retrospectively what GPA they expected to receive in college when they 
entered college. The second question asked participants retrospectively what the minimum 
acceptable GPA would have been for them in college when they entered college. The third 
and fourth GPA 
related questions asked respondents to revise their grade expectations for college, based on 
their current knowledge of college. These two questions asked participants about their grade 
expectations for college, knowing what they know now, and the minimum GPA that would be 
acceptable to them now, knowing what they do about college. 
These four questions used response categories ranging fi-om (1) for D-/D to (7) for A-/A. 
The four questions appear in the Grade Expectations section of the Survey Questionnaire in 
Appendix B. 
Procedure 
As previously described, the admissions office released names and local addresses for all 
female and a random sample of male students who met the selection criteria. Each participant 
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was mailed a questionnaire packet, including a letter of solicitation, a consent form, and a 
questionnaire (see Appendices A and B). 
Four forms of the questionnaire were used, partially counter-balancing the order in which 
the scales were presented. While there were no theoretical expectations that the order of scale 
presentation would impact responses, the counter-balancing was a precautionary step, and 
would allow testing for order effects to ensure that this was not a relevant variable. 
Table 3 indicates the order of presentation of the instruments in the four versions of the 
Survey Questionnaire. In all versions, demographic information and grade expectations 
appeared first, and the comments section appeared last. Attempts were made to distribute the 
order in which sections were presented, with each section appearing early, in the middle, and 
towards the end of the various versions of the questionnaire. 
Items from the Competitiveness Questionnaire were interspersed with items from the 
Sources of Self-Efficacy scale, and the combined section was labeled "SSE." Also, items from 
the Classroom Environment Scale were interspersed with items from the Social Provisions 
Scale, and this section was labeled "CES." The outcome expectations section was labeled 
"CTA." 
After a two week period, participants who had not returned their questionnaire were 
mailed a follow-up post card reminder (see Appendix C). After an additional ten days, each 
participant who had not yet returned the questionnaire was mailed a second questionnaire and 
letter of solicitation (see Appendix C). Two weeks later, a follow-up telephone call was 
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attempted for all women and a random sample of men who still had not returned their 
questionnaires. 
When signed consent forms were received, information from admissions files was 
accessed. This information included all available information from participants' ACT file. 
Similarly, GPA information was accessed from the registrar's files when permission was 
granted. ACT was contacted directly to locate ACT files that were not available from the 
Table 3: Scale order for the four forms of the survey questionnaire 
Form A Form B Form C Form D 
Demographic Information 1 
and Grade Expectations 
Mathematics Self-Efficacy 2 
Courses 
Self-Efficacy for Technical 3 
& Scientific Fields 
Competitiveness and Sources 4 
of Self-Efficacy Items 
Classroom Environment 5 
& Social Provisions Scales 
Outcome Expectations 6 
Life-Style Inventory 7 
Comments 8 
1 1 1 
4 7 5 
5 6 4 
2 5 7 
6 3 2 
7 4 3 
3 2 6 
8 8 8 
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admissions office. A total of 9 women and 10 men did not grant permission to access their 
ACT file. Sixteen women and 12 men did not grant permission to access their GPA 
information. 
Data Analyses 
Persistence Status 
Participants were categorized by their persistence status. A "Persister" was any student 
whose major at the time of the study was any type of engineering, or any of the following: 
biochemistry, chemistry, computer science, mathematics, physics, or statistics. This subset of 
majors was chosen because they represent examples of Goldman and Hewitt's (1976) 
"Physical Science" category on their science-nonscience continuum. With the exception of 
"biochemistry" all majors fall into this category ("biochemistry" is in the "Biological Science" 
category of Goldman and Hewitt's scale). In this study, participants who majored in 
biochemistry were considered persisters because of the heavy chemistry component at 
Iowa State University. 
Scale Characteristics 
Psychometric characteristics of all scales were examined, and new, experimental items 
were evaluated to determine whether or not to retain them. Gable (1986) identified several 
item characteristics to review when evaluating if an item should remain part of a measurement 
instrument. He recommended evaluation of item-level descriptive statistics, intercorrelations 
between items, and scale reliability statistics. Experimental items developed for this study 
were examined with respect to these dimensions. 
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Descriptive Statistics 
Descriptive statistics were performed initially on the data. Sample representativeness was 
explored and response frequencies were calculated for items with categorical responses. 
Gender and persistence differences on all scales were examined using 2x2 ANOVA's. 
Chi-square analyses were conducted on categorical data, to determine if there were gender or 
persistence status differences. The subsample of nonpersisters answered a section of 
qualitative questions, and their responses were charted using frequency analyses. Gender 
differences for the nonpersisters were examined using chi-square analyses. 
Relationships between Sources of Self-Effïcacv and Self-Effîcacv Expectations 
A hierarchical regression analysis (Cohen & Cohen, 1983) was performed to examine the 
relationships between the four sources of self-efficacy and the two measures of self-efficacy 
expectations. Lent et al.'s (1991) four subscales of perceived self-efficacy were used as 
predictor variables, along with ACT-M and cumulative GPA. Cumulative GPA was used 
because this measure encompasses students' most recent performance information. The four 
subscales were entered in the following order: personal performance accomplishments, 
vicarious learning, social persuasion, and emotional arousal. This order followed Lent et al.'s 
(1991) example, and is theoretically consistent with Bandura's (1986) perception of the 
relative importance of these variables. 
Separate sets of hierarchical regression analyses were conducted for the two dependent 
variables. Mathematics Self-Efficacy (MSE-COURSES) and Self-EfiScacy for Technical/ 
Scientific Fields (MSE-OCCUPATIONS). Three analyses were conducted for each 
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dependent variable, varying the order of variables. Cohen and Cohen (1983, p. 121) indicated 
that, in the case where a single sequence of entry is not completely clear, more than one 
analysis may be conducted to compare results of different orders of entry. 
In the first analysis, gender was entered first, followed by the four subscales in the order 
specified above. Mathematics ACT (ACT-M) and cumulative GPA (GPACUM^ were entered 
last as a block. This analysis explored the contribution of the four subscales before objective 
measures of performance (ACT-M and GPACUM) were included. 
The second analysis entered the four subscales first, followed by the block of ACT-M and 
GPACUM, with gender entered last. This order allowed exploration of gender différences in 
the four subscales, and the objective measures. 
The third analysis entered the block of ACT-M and GPACUM first, followed by the four 
subscales, with gender last. This order allowed for exploration of the relative contribution of 
the four subscales beyond that associated with objective performance. 
Multivariate Relationships Between Variables and Persistence 
Logistic regression (Agresti, 1990; Fleiss, Williams, & Dubro, 1986; Hosmer & 
Lemeshow, 1989) was used to examine the relationships between variables predicted by each 
theory, and the dependent variable of persistence. Initial analyses emphasized comparisons of 
theoretical constructs in predicting persistence. Additional analyses used a model building 
strategy to describe the data. A brief introduction to logistic regression analysis and an 
explanation of the specific analyses conducted in this study is provided in the following 
sections. 
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Overview of Logistic Regression 
Logistic regression is a variant of traditional linear regression analysis (Fleiss, Williams, & 
Dubro, 1986). Traditional linear regression and logistic regression procedures diSer in the 
parametric model used, and the assumptions behind that model (Hosmer & Lemeshow, 1989, 
p. 1). 
When the dependent variable is binary, linear regression is inappropriate, while logistic 
regression is well-suited. Logistic regression, instead of being based on a linear relationship 
between the independent and dependent variables, is based on the probability of one outcome 
of the dependent variable over the other. It is the log odds for one outcome over the other 
that is assumed to be linearly related to the independent variables (Fleiss et ai., 1986). 
When compared to the linear discriminant function, logistic regression has some 
advantages. Logistic regression is robust, meaning that the same logistic formulation results 
from many types of underlying assumptions (Press & Wilson, 1978). For linear discriminant 
analysis, the underlying variables are assumed to be jointly normal with equal covariance 
matrices. When some of the independent variables are binary or categorical, this assumption 
does not hold. Thus, logistic regression allows analysis of continuous, binary, and categorical 
independent variables without violating its assumptions. 
The method of maximum likelihood can be used to fit the logistic regression model to the 
data. This method creates a likelihood function, which expresses the probability of the 
observed data as a function of unknown parameters. The values that maximize this likelihood 
function are the maximum likelihood estimates (Hosmer & Lemeshow, 1989, p. 8). 
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Binary response data can be expressed as probabilities, with the probability of the response 
Y equaling 0 or 1 conditional on the set of independent variables X=(x,, x^, . . .xj. This 
probability can be represented as; 
P(Y=1 IX) = Tlx and P(Y=0 [ X) = 1- tC;,. 
The relationship between these probabilities and the dependent variable is: 
k 
In [ Tlx! (1- Tlx)] =Po + S P/Xj 
i=l 
The associated predicted probability, which always falls between 0 and 1, is: 
k k 
Kx = [exp ( Po + Z P/Xj) / 1 + exp (po + 2 P/X; )] 
i=l i=l 
To assess model fît, the maximum likelihood estimates may be used. Hosmer and 
Lemeshow (1989, p. 15) provided the following formula to use in assessing model fit: 
G = -21n riikelihood without the variable! 
[likelihood with the variable] 
The log likelihood ratio (G) can be used to build a model to describe data. As new variables 
are entered, the difference between the original log likelihood ratio, G^ with degrees of 
freedom df,, and the new log likelihood ratio G,, with degrees of freedom dfj, can be examined. 
This difference can be tested as a chi-square statistic, with dfj, minus df^ degrees of freedom. 
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The accuracy of a model in predicting levels of the dependent variable can be used to 
examine the model's fit with the data. A comparison of predicted versus actual outcomes 
would illustrate this fit. Models could thus be compared in their ability to predict the levels of 
the outcome variable. 
With logistic regression, polytomous independent variables need to be dummy coded, to 
represent the levels of the variables (Hosmer & Lemeshow, 1989). Life-Style Orientation is 
polytomous, with four categories. Three dummy variables (each coded "1" for yes and "0" for 
no) were created to encompass the four categories. The variables "Work," "Relat," and 
"Leis" were created. 
Variable Selection for the Logistic Regression Analyses 
Variable selection was initially done based on theory, and variables suggested by each 
theory were included. Table 4 shows the variables chosen to represent each theory. 
Only the Work dummy variable was included to represent Life-Style Orientation. This 
means that the comparison done in the model was between having a work orientation, versus 
all other orientation and all the others was the most important to examine. As Corkery (1991) 
found. Realistic and Investigative occupations (e.g. engineering, mathematics, and physical 
science occupations) are least compatible with relationship and leisure orientations. Thus, if 
an individual had a relationship or leisure orientation, there would be theoretically less fit with 
Realistic and Investigative occupations. If an individual's life-style orientation was 
undifferentiated, this same situation would be expected, given the joint importance of two or 
more domains. 
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Table 4: Variables included in the initial logistic regression analyses 
Theory Variable Abbreviation 
Ability First Semester GPA 
Cumulative GPA 
ACT Mathematics 
(GPAl) 
(GPACUM) 
(ACT-M) 
Self-Efficacy Mathematics SE 
SE for Tech./Sci. Fields 
(MSE-COURSES) 
(MSE-OCCUPATIONS) 
Expectency/V alence Outcome Expectations 
LSI Work Orientation 
(OE) 
(WORK) 
Support/Barriers CES Teacher Support 
CES Competition 
Social Provision Scale 
(CES-TS) 
(CES-C) 
(SPS) 
Interest Congruence Congruence Measure 1 
Congruence Measure2 
(INCONGRUl) 
(INC0NGRU2) 
Model Building Strategy 
The initial logistic regression analyses tested the relative contributions of each theory to 
predicting persistence. Several measures, if available were included to measure constructs of 
interest. This was done to maximize the accurate measurement of each construct. 
Variables were clustered by theoretical group (see Table 4), and each theoretical group 
was entered as a block. Gender was initially entered alone, to determine if it was a significant 
variable for further analyses. 
Two criteria were used to determine the influence of the theoretical blocks on the 
dependent variable of persistence. The change in the log likelihood ratio (G) measures the 
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significance of each block. This measure indicates if the model that includes the block added 
information to the model without the block. Changes in (G) were examined at each stage of 
model building. The second criteria was each model's ability to correctly classify the persisters 
and nonpersisters in the sample. Classification tables plotting observed against predicted cases 
were evaluated. 
Model with ability block entered first. The ability block was initially entered alone. 
This was done because ability is a critical factor for predicting persistence, and the relevant 
contributions of the other theoretical variables after accounting for ability was a major 
question of interest. Each theoretical block was then entered individually with ability, and 
the resulting combination model was compared to the model containing ability alone. This 
provided information about each individual block's contribution beyond ability to predicting 
persistence. 
The contributions of each block beyond ability were examined, using the difference in G 
between ability alone and ability plus each individual block. Blocks with significant 
contributions beyond ability were used in the next step of analyses. 
Blocks that contributed significantly to the model beyond ability were rank ordered. The 
cumulative contribution of the blocks was then examined, one step at a time. The blocks were 
entered one at a time, starting with the block with the greatest contribution to the model of 
ability alone. Each block was examined with respect to its contribution beyond ability and 
previously entered blocks. The log likelihood (G) for the combined model was then 
determined, and estimated parameters for each variable reported. The comparison between 
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the model's predicted outcome (persister and nonpersister) with the observed outcome was 
examined to determine model fit. 
Model with ability block entered last. The above described procedure allowed the 
ability block the advantage of being entered first, and models adding to this block were 
compared with the ability block alone. For comparison, the theoretical block which 
contributed most to the ability block was examined alone. A cumulative model was then built, 
adding the other theoretical blocks, and ability last. This analysis provided information about 
ability's contributions after the other blocks had an opportunity to explain the data. 
Examining the model for parsimony. The last step of the logistic regression analysis 
was to determine if there was a more parsimonious model, based on a subset of the variables 
representing each theoretical block. Each theoretical block was examined, and individual 
measures were compared to the theoretical block to determine if they contributed to the 
model as well as the whole block. For blocks with more than two measures, the best 
two-measure combinations (i.e. the measures that provided G values closest to the whole 
block) were examined relative to the whole block. 
If the individual measure (or two-measure combination) contributed as well as the whole 
theoretical block to the model, then the other measures were dropped. A reduced model was 
created using variables that performed as well as the whole theoretical blocks. 
The reduced model containing all the downsized theoretical blocks was then compared to 
the originally developed model, to see if it fit the data, and if it performed as well as the 
original model in predicting persistence. The model's predicted outcomes were compared 
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with observed outcomes, to determine if the reduced model was able to predict as well as the 
full model. If the reduced model was as accurate as the full model in predicting persistence, 
and fit the data as well as the full model, then the reduced model would be a viable 
substitution for describing the data. 
Logistic Regression Analysis using Pre-Choice Measures 
A tentative, parallel logistic regression was performed, using variables fi-om the ACT 
Assessment Program. First semester GPA was also used, because it represents a measure that 
was obtained early in college. These measures are readily available for most students, and 
they are measured before students drop out or continue in a college major. Thus, these 
"Pre-Choice" measures may be useful in identifying those who have the ability to succeed in 
engineering and related disciplines, but who are at risk to drop out. This information could be 
used to target interventions. 
These measures were not designed specifically for the purpose of predicting persistence in 
engineering and related fields. However, many items and scales have relevance to the 
identified theories. Three items from the Student Profile Section of the ACT relate to 
mathematics self-effîcacy, and two items provide some information about confidence in 
academic major and occupational choice. 
Caution should be used in interpretation of these results. The Student Profile Section 
items were not created as scales, and therefore represent single item scales. The use of these 
measures in this capacity is experimental and tentative. Table 5 lists the variables included in 
these Pre-Choice logistic regression analyses. 
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Table 5: Variables in the Pre-Choice logistic regression analyses 
Theory Variable Abbreviation 
Ability First Semester GPA 
ACT Mathematics 
(GPAl) 
(ACT-M) 
Self-Efficacy Student Profile Section 
Question 17 ^ 
Question 23 ^ 
Question 29 ^ 
(PR0F17) 
(PROF23) 
(PROF29) 
Interest Congruence Congruence Measure 1 
Congruence Measure2 
(INCONGRUl) 
(INC0NGRU2) 
Confidence in the choice of 
a Major and Occupation 
Student Profile Section 
Question 14 
Question 15 ® 
(PR0F14) 
(PR0F15) 
Notes: Participant estimates of overall CPA in college 
Need help improving mathematical skills 
^Interested in advanced placement mathematics 
Certainty of college major choice 
^Certainty of occupational choice 
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RESULTS 
Persistence Status 
Table 6 categorizes participants by gender and persistence status. Similar numbers of men 
and women participated in the study (51% men versus 49% women in the sample). The 
majority of participants (71%) were persisters. As previously described, persisters were 
defined as students who continued their studies in engineering, physical science, or 
mathematics. In this sample 198 students were classified as persisters and 80 students were 
classified as nonpersisters. 
Of the students who persisted, the vast majority (93%) persisted in engineering majors. 
Only 7% of the persisters were majoring in chemistry, computer science, mathematics, 
physics, statistics, or biochemistry. Thus, most students who persisted were still enrolled in 
the College of Engineering. 
TABLE 6: Number and percentage of total participants categorized by gender and 
persistence status 
Gender 
Men Women Total 
Persistence Status 
Persisters 105(73%) 93(69%) 198(71%) 
Nonpersisters 38(27%) 42(31%) 80(29%) 
Total 143(51%) 135(49%) 278(100%) 
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Sample Representativeness 
Gender differences in persistence rates in the original sample of 588 students who received 
the survey questionnaire was examined. As previously described this sample included all 
women and a random sample of men who entered the College of Engineering and met the 
selection criteria. To determine persistence status for students who did not participate in the 
study, current majors listed in the Iowa State University Telephone System Directory 1991-92 
were used. College majors were not listed for 13 individuals, resulting in a total of 575 
students in the original sample. In this original sample of students, there were no gender 
differences in persistence rates. For the men, 66% persisted in engineering and related majors, 
compared to 65% of the women, X^(\, N=575) = 0.1, p = .747. Thus, similar percentages of 
men and women (34% and 35% respectively) dropped out of engineering and related majors 
in the original sample. 
Chi-square analyses were performed to determine if gender or persistence status were 
related to the decision to return the questionnaire. The response rate for women (57.2%) was 
higher than the response rate for men (41.1%), X^(l, N=588) = 14.31, _p<.001. Also, 
persisters (52.5% return rate) were found to be significantly more likely than nonpersisters 
(40.4% return rate) to return their questionnaires, x^(l, N=575) = 7.63, _g<.006. 
The sampling procedures identified students in their fifth year at Iowa State University. 
Their cohorts who graduated in less than five years were not included. Of concern was the 
possibility that the fifth year students who were included in this study might be different from 
their cohorts who graduated. 
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Graduation records were consulted to determine how many female cohorts of the fifth year 
students graduated and were missed with the sampling procedures. Only 35 female cohorts of 
the fifth year students graduated before the study was conducted. An additional 35 men 
would have been randomly selected, increasing the total sample by 70. Assuming a similar 
response rate as found in the total sample (57.2% for women and 41.1%), the number of this 
group expected to participate would be 34 (20 women and 14 men). Arguably, this estimate 
of response rate is high, given that some of the available addresses for students who 
graduated may have been outdated. Given the great expense of conducting a second search of 
University records for so small an expected return, it was decided to not include these 
individuals. 
As a precaution, an analysis was conducted to determine if the fifth year students were 
different from the rest of the participants. A MANOVA analysis, comparing the 57 fifth year 
participants with the rest of the sample was conducted. The independent variable was year in 
college, dichotomized into "fifth year" and "not fifth year." The dependent variables were all 
of the scales used on the survey questionnaire, the GPA measures, and ACT-M. The 
MANOVA was not significant, Pillai's V=.06, F (13,206) = 1.07, g = 38. Therefore, the fifth 
year sample was included in future analyses. 
Questionnaire Form 
The four forms of the questionnaire were compared, to determine if scale order was a 
significant variable. A MANOVA analysis was conducted, testing the effect of form on each 
of the scales from the survey questionnaire (the dependent variables). All scales fi'om the 
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survey questionnaire were included in the analysis. The MANOVA was not significant, Pillai's 
V=.33, F (69,549) = .98, £=.53. Thus, future analyses collapsed across form. 
Preliminary Analyses 
Many of the scales used on the survey questionnaire had experimental items, or were 
modified for this study. These scales were first evaluated with respect to item performance 
and internal consistency. Thus, preliminary analyses focused on scale performance. 
Scales with Experimental Items 
Math Self-Eflîcacv Courses Subscale fMSE-COURSES) 
The original MSE-COURSES subscale contained 16 items, rated on a scale ranging from 
0-9. For this sample, means and corresponding standard deviations ranged from 5.2 (2.3) for 
"Biochemistry" to 8.89 (.52) for "Basic College Math." Five of the original items had means 
over 8.0, reinforcing the hypothesis that there would be ceiling effects for some items on this 
scale. 
Thirteen items were added to the Math Courses Subscale of the Mathematics Self-EfBcacy 
scale. All new items had means and standard deviations similar to or better psychometrically 
than items on the original scale. The original scale's alpha coefficient was .88. Each 
additional item increased the alpha level, with the final alpha coefficient increasing to .95 when 
all of the additional items were included. The item-total correlations for the new items ranged 
from .64 ("Modem Physics") to .83 ("Combinatorics"). It was decided to retain all of the new 
items on the scale. The final scale contained 29 items and measured math courses 
self-efficacy. 
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Outcome Expectations (OE> 
The original Outcome Expectation scale contained 10 items, with a response range from 
0-9. Eleven new items were added and evaluated for their contribution to the original scale. 
The original scale's alpha coefficient was .82. Two of the new items (items 16 and 20) did not 
add to the scale's internal consistency, and had low correlations with the total scale. The 
remaining 9 items were added to the original 10, resulting in a scale with 19 items and an 
alpha coefficient of .86. The new scale had item means and standard deviations ranging from 
3.5 (2.72) for "Math classes have been some of the best ISU courses I have taken" to 7.12 
(1.92) for "Doing well in math enhances my job/career opportunities." 
An exploratory factor analysis was done on the Outcome Expectations scale to determine 
if the resulting factor structure corresponded with Eccles' (1987) four categories of outcome 
values (utility value. Incentive value, attainment value, and costs). A principal axis factor 
analysis with varimax rotation was conducted. Three factors with eigenvalues greater than the 
Kaiser criterion of 1.0 were extracted. 
Overall, the three factors corresponded well with Eccles' categories of outcome values. 
The clearest correspondence was with the cost category (Factor I), represented by items such 
as "Majoring in a math-related field leaves me with little time for friends and family," and 
incentive value (Factor 3), represented by items such as "Math classes are enjoyable to me." 
Factor 2 predominantly reflected the category of utility value, but also had the item "Doing 
well in math will increase my sense of self-worth," which on the surface reflects Eccles' 
attainment value. 
118 
Classroom Environment Scale (CES) 
The Teacher Support and Competition subscales of the Classroom Environment Scale 
were examined. The revised instrument used in this study had a 1 to 4 response range. Four 
experimental items were added to the original 10-item Teacher Support subscale. The original 
scale had an alpha coefficient of .79. Each of the four new items added to the internal 
consistency of the inventory and had similar psychometric characteristics as the original items. 
The enhanced scale contained 14 items, with an alpha coefficient of .83. 
The enhanced Teacher Support subscale had item means and standard deviations ranging 
from 1.56 (.79) for "My advisor encouraged me to plan for graduate school" to 2.71 (.81) for 
the negatively scored item "Instructors do not trust students." 
The original Competition subscale contained 10 items, and had an alpha coefficient of .63. 
One item was added, boosting the alpha coefficient to .66 for the enhanced scale. The item 
means and standard deviations for the enhanced scale ranged from 2.61 (.93) for "The 
competition is too great in these classes" to 3.70 (.54) for "Students have to work for a good 
grade in these classes." 
Scale Characteristics of Survey Questionnaire 
Table 7 summarizes the mean item value, and mean item standard deviation, and the raw 
score alpha coefficients for each scale on the survey questionnaire. Gable (1986) 
recommended that alpha coefficients should be at least .70, but preferably .80 or greater. The 
majority of the scales met the .70 criteria, vyith five scales exceeding the .80 criteria. 
However, five of the scales had alpha values less than .70. 
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Table 7: Mean item value, standard deviation, and alpha coefficients for scales on the survey 
questionnaire 
# Item Mean Mean Alpha 
Scale of Resp. Item Std. Co­
Items Range Score Dev. efficient 
Mathematics self-efiicacy 29 0-9 6.93 1.30 0.95 
(MSE-COURSES) 
Self-efitcacy for technical/scientific fields 15 1-10 7.32 1.91 0.95 
(MSE-OCCUPATIONS) 
Sources of sclf-cfllcacy (SSE) 
Personal Performance Accomp. (PPA) 10 1-5 3.70 0.59 0.77 
Vicarious Learning (VL) 10 1-5 3.34 0.51 0.64 
Social Persuasion (SP) 10 1-5 3.38 0.47 0.64 
Emotional Arousal (EA) 10 1-5 3.53 0.74 0.88 
Competitiveness (COMPETE) 8 1-5 3.13 0.71 0.71 
Life-Style Inventory (LSI) 
Work (LSIW) 15 0-2 1.12 0.39 0.77 
Relationship (LSIR) 15 0-2 0.97 0.28 0.58 
Leisure (LSIL) 15 0-2 0.92 0.33 0.69 
Outcome Expectations (OE) 19 0-9 5.19 1.29 0.86 
Classroom Environment Scale (CES) 
Teacher Support (CES-TS) 14 1-4 2.07 0.44 0.83 
Competition (CES-C) 11 1-4 3.24 0.35 0.66 
Social Provision Scale (SPS) 24 1-4 2.60 0.60 0.94 
Two subscales from the Sources of Self-Efficacy scale (Vicarious Learning and Social 
Persuasion) had alpha coefficients of .64. Lent et al. (1991) found similar levels of internal 
consistency with these measures. Lent et ai. reported alpha coefficients of .56 for Vicarious 
Learning and .74 for Social Persuasion, suggesting that problems with internal consistency 
with these measures were not sample specific. 
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The Leisure subscale and the Relationship subscale from the Life-Style Inventory did not 
meet Gable's (1986) criteria for preferable alpha coefficients of reliability. The Leisure 
subscale was borderline (.69), and the Relationship subscale was low (.58). Both of these 
values were much lower than the respective alpha coefficients of .78 and .80 reported by 
Hogan(1990). 
The low alpha coefficients for the Relationship and Leisure subscales of the LSI may have 
resulted from the forced choice format. The format would expectedly deflate alpha levels. 
This may have been exacerbated by problems encountered by some participants in responding 
to the forced choice format. Whether from difficulties in choosing between responses, or 
difficulties in interpreting the instructions, 47 respondents did not complete the LSI correctly. 
The Competition subscale from the Classroom Environment Scale also had a low alpha 
coefficient (.66), but consistent with the .67 value reported by Moos and Trickett (1987) for 
this scale. 
Missing Data 
After all item analyses were completed and scale composition decisions made, participants 
with missing data were examined. The majority of participants responded to all questions on 
the survey questionnaire. With the exception of four scales, the survey questionnaire scales 
had complete responses from at least 95% of participants. The four scales with more missing 
data were the Life-Style Inventory scales (LSIW, LSIR, and LSIL) and the MSE-COURSES 
scale. The Life-Style Inventory scales had 15-17% of participants with missing data. For the 
MSE-COURSES, some of the participants were not familiar with at least one of the courses 
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listed, resulting in a higher percentage of participants (14%) omitting at least one question on 
the scale. 
Most participants with missing data only omitted a few questions. The default for many 
analyses is to completely omit any participant with missing data. Rather than omitting all 
participants with missing data, it was decided to retain participants with a small percentage of 
missing data on a scale. 
Participants who missed 10% or less of the items on a scale were included in analyses. 
Each participant's mean value on that scale was substituted for missing items, and a scale 
score was calculated. The percentages of participants for whom this substitution was 
performed was small for all of the scales. The highest percentage of substitutions was made 
for the MSE-COURSES scale, with 12.9% of the participants having up to 2 items missing on 
this scale. The rest of the scales had very small percentages of substitutions, most under 2%. 
Gender and Persistence Comparisons on Survey Questionnaire Scales 
Gender and persistence main effects and interactions were examined using 2x2 analyses of 
variance. The results of the ANOVA's appear in Table 8. For the majority of the scales on 
the survey questionnaire, gender was not a significant factor. This includes the two measures 
of mathematics self-efficacy (MSE-COURSES and MSE-OCCUPATIONS). This finding is 
consistent with Lent, Brown, and Larkin's (1984, 1986) findings with a similar sample of 
students in science and mathematics. 
Means and standard deviations for men and women appear in Table 9. There were a few 
gender differences on the survey questionnaire scales. Two of the Life-Style Inventory scales 
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had significant main effects for gender, the work orientation scale and the relationship 
orientation scale (LSIW and LSIR). Men had higher scores than women on the work 
orientation scale, F(l, 249) = 6.64, £<.01. In contrast, women had higher scores than men 
on the relationship orientation scale, F(l, 248) = 7.59, p < .01. This difiference is consistent 
with findings in the literature that women attend to relationship issues with respect to career 
issues (e.g. Bridges, 1989). Men and women did not differ in their scores on the Leisure 
subscale (LSIL). 
Table 8: Analysis of variance examining gender, persistence, and the interaction between 
gender and persistence for the survey questionnaire scales 
Gender Persistence Gender/ 
Main Main Persistence 
Variable Effect Effect Interaction 
df F F F 
MSE-COURSES 1.271 0.85 34.15** 1.20 
MSE-OCCUPATIONS 1,273 2.68 36.18** 0.81 
MSE-SOURCES 
PPA 1,274 2.67 12.96 ** 0.80 
VL 1,274 3.05 1.43 2.47 
SP 1,273 6.45* 13.73 ** 0.13 
EA 1,274 6.46* 0.18 6.45* 
LSIW 1,249 6.64 * 0.12 0.55 
LSIR 1.248 7.59* 0.02 1.48 
LSIL 1.249 0.56 0.12 2.10 
COMPET 1,272 3.64 0.23 1.15 
OE 1,274 0.39 21.01 ** 2.27 
CES-TS 1,270 0.72 30.31 ** 0.01 
CES-C 1,273 8.32* 7.51 * 1.02 
SPS 1,272 0.05 17.71 ** 0.70 
Note: * p< .01, ** p< .001 Degrees of freedom are for each main effect and interaction. 
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Table 9; Means and standard deviations of men, women, and total sample on the survey 
questionnaire scales 
M 
Men 
SD N 
Women 
M SD N M 
Total 
SD N 
MSE-COURSES 202.51 38.44 143 199.12 36.70 132 200.88 37.58 275 
MSB-OCCUPATIONS 112.53 28.59 143 107.00 28.71 134 109.86 28.73 277 
MSE-SOURCES 
PPA 36.59 6.16 143 37.44 5.67 135 37.00 5.03 278 
VL 32.61 4.82 143 34.16 5.12 135 33.36 5.02 278 
SP 33.02 4.38 142 34.54 4.86 135 33.76 4.67 277 
EA 34.64 4.97 143 36.09 7.61 135 35.34 7.41 278 
COMPET 24.20 5.27 143 25.94 5.83 133 25.04 5.61 276 
LSIW 17.62 5.78 130 15.81 5.76 123 16.74 5.83 253 
LSIR 13.65 4.27 129 15.55 4.06 123 14.58 4.27 252 
LSIL 13.78 4.97 131 13.86 5.06 122 13.82 5.00 253 
OE 96.92 23.60 143 100.21 25.27 135 98.52 24.44 278 
CES-TS 28.68 5.95 141 29.22 6.52 133 28.94 6.23 274 
CES-C 35.01 3.99 143 36.31 3.70 134 35.64 3.90 277 
SPS 62.14 12.72 143 62.89 16.16 133 62.50 14.46 276 
Note; Means and standard deviations reflect total scale scores. 
Women had a higher mean score on the Social Persuasion (SP) subscale of the sources of 
self-efficacy scale, F(l, 273) = 6.45, £ < .01. On the Emotional Arousal subscale, there was a 
significant main effect for gender, F(l, 274) = 6.46, g< .01. However, the gender by 
persistence interaction also was significant for Emotional Arousal, F(l, 274) = 6.45, g < .01. 
Table 10 illustrates the mean scores on the Emotional Arousal scale by gender and persistence 
status. For all of the groups, the level of Emotional Arousal was somewhat low, indicating 
that these students were not very anxious about mathematics. Men and women who persisted 
were very similar in their levels of Emotional Arousal. However, the male and female 
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Table 10: Mean scores and standard deviations on the emotional arousal scale by gender 
and persistence status 
Persisters Nonpersisters 
Mean Std. Dev. Mean Std. Dev. 
Gender 
Male 35.19 (7.23) 33.13 (6.87) 
Female 35.19 (7.60) 38.07 (7.34) 
Note; Higher scores indicate lower levels of emotional arousal. 
nonpersisters differed from each other, and from the persisters. The female nonpersisters 
indicated the lowest level of Emotional Arousal. In contrast, the male nonpersisters reported 
the highest level of Emotional Arousal when compared with the other groups. 
In this sample, there were no gender differences on the two scales measuring support. 
Men and women reported equal levels of support from teachers (CES-TS), with both tending 
towards disagreement that teachers in engineering and mathematics were supportive (mean 
item response was 2.07 out of 4, see Table 7). Men and women rated support from others in 
their major (SPS) slightly higher (mean item response of 2.60 out of 4), again with no gender 
differences. 
Men and women differed in the degree to which they saw the environment in Engineering 
as competitive (CES-C). While both men and women saw the environment as competitive 
(average item response was 3.24 out of 4), women were significantly higher in their ratings 
than men, F(l, 273) = 8.32, ^<.01. 
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The women and men in this sample were equally competitive, as indicated by the 
nonsignificant differences on the interpersonal competitiveness scale (COMPET). As Table 9 
indicates, the mean total scores were similar (25.94 for the women, 24.20 for the men). This 
does not replicate Griffin-Pierson's (1988) findings that men were significantly more 
competitive than women in a general sample. 
Table 11 reports means and standard deviations for persistera and nonpersisters on the 
survey questionnaire scales. For many variables, persisters and nonpersisters differed. 
Persisters scored significantly higher than nonpersisters on the two measures of mathematics 
self-efficacy; MSE-COURSES, F(l, 271) = 34.15, g < .001, and MSE-OCCUPATIONS, 
F(l, 273) = 36.18, p< .001. Persisters also reported higher levels of Personal Performance 
Accomplishments (PPA), F(l, 274) = 12.96, g < .001, and Social Persuasion (SP), 
F(l,273)= 13.73, g < 001. 
Persisters reported higher levels of support than nonpersisters. They were more likely than 
nonpersisters to see their instructors as supportive (CES-TS), F(l, 270) = 30.31, p < ,001. 
Persisters also reported higher levels of overall social support than nonpersisters 
(SOCPROV), F(l, 272) = 17.71, p < .001. They also were less likely than nonpersisters to 
view engineering and related classes as competitive (CES-C), F(l, 273) = 7.51, p < .01. 
When compared to nonpersisters, persisters expected more positive outcomes associated with 
math-related courses (OE), F(l, 274) = 21.01, g <.001. Contrary to predictions, there was 
not a gender by persistence interaction for perception of the environment as competitive 
(CES-C). 
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Table 11: Means and standard deviations of persisters and nonpersisters on the survey 
questionnaire scales 
Persisters Nonpersisters 
M SD N M SD N 
MSE-COURSES 208.87 (35.35) 196 181.04 (35.73) 79 
MSE-OCCUPATIONS 116.17 (24.73) 197 94.31 (31.98) 80 
MSE-SOURCES 
PPA 37.78 ( 5.77) 198 35.07 ( 5.94) 80 
VL 33.56 ( 5.05) 198 32.85 ( 4.92) 80 
SP 33.34 ( 4.71) 197 32.24 ( 4.24) 80 
EA 35.19 ( 7.39) 198 35.72 ( 7.50) 80 
COMPET 25.12 ( 5.59) 197 24.85 ( 5.69) 79 
LSIW 16.70 ( 5.77) 179 16.82 ( 6.01) 74 
LSIR 14.52 ( 4.08) 179 14.71 ( 4.72) 73 
LSIL 13.88 ( 4.98) 180 13.67 ( 5.07) 73 
OE 102.60 (23.93) 198 88.42 (22.82) 80 
CES-TS 30.19 ( 6.19) 195 25.86 ( 5.19) 79 
CES-C 35.23 ( 3.83) 198 36.68 ( 3.90) 79 
SPS 64.75 (14.67) 197 56.90 (12.31) 79 
Note; Means and standard deviations reflect total scale scores. 
Gender and Persistence Comparisons for ACT Instruments 
Results from the 2x2 analyses of variance for the ACT instruments appear in Table 12. 
Sample means and standard deviations on the ACT Test Instruments are reported by gender in 
Table 13, and by persistence status in Table 14. When compared to ACT's national norms of 
college-bound high school students, this sample scored approximately one standard deviation 
higher on all scales. Women outscored men on the English subtest (ACT-E), F(l, 254) = 
26.23, p < .001, and the Mathematics subtest (ACT-M), F(l, 254) = 10.19, p < .01. 
However, for ACT-M there also was also a significant main effect for persistence and a 
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Table 12: Analysis of variance examining gender, persistence, and the interaction between 
gender and persistence for ACT measures and grade point average 
Variable df 
Gender 
F 
Persistence 
F 
Gender/Persist. 
Interaction 
F 
Educational Development 
ACT-E (1,254) 26.23 ** 20.54 ** 0.58 
ACT-M (1,254) 10.19 * 18.28 ** 6.88 * 
ACT-SS (1,254) 0.47 23.13 •• 1.24 
ACT-NS (1,254) 4.15 16.14 ** 0.19 
ACT-C (1,254) 3.86 33.06 »* 0.35 
Interest 
Science (1,252) I.8I 6.26 * 0.05 
Art (1,252) 0.53 0.45 1.71 
Social (1,252) 7.68 * 0.53 0.28 
Bus. Contact (1,252) 2.38 0.82 0.21 
Bus. Operat. (1,252) 7.73 * 0.30 0.34 
Technical (1,252) 38.05 ** 0.16 0.06 
Congruence 
INCONGRUl (1,252) 13.39 ** 6.17 * 0.10 
INC0NGRU2 (1,252) 2.79 13.92 ** 2.13 
Grade Point Average 
GPAl (1,246) 5.32 69.51 ** 3.71 
GPACUM (1,246) 9.72 * 6.92 • 6.58 * 
Student Profile 
PR0F14 (1,252) 8.82 * 0.01 0.35 
PR0F15 (1,248) 7.38 * 0.06 1.26 
PROF 17 (1,250) 17.98 ** 15.77 ** 1.59 
PROF23 (1,252) 0.03 0.80 0.01 
PROF29 (1,252) 0.83 0.66 0.06 
Note: *p < .01, **p <001. Degrees of freedom are for each main effect and interaction. 
Table 13: Means and standard deviations for ACT measures of ability and interests and college GPA for current study and for 
norm group in ACT Assessment Program Technical Manual (1988) 
Current Studv ACT Technical Manual^ 
Men Women Total Total 
Scale M SD N M SD N M SD N M SD 
Educational Development 
ACT-E 22.38 3.85 133 24.50 2.82 125 23.41 3.54 258 18.20 5.40 
ACT-M 26.77 4.61 133 27.82 3.41 125 27.27 4.10 258 17.10 8.10 
ACT-SS 24.55 4.78 133 25.19 4.50 125 24.86 4.65 258 17.40 7.30 
ACT-NS 29.45 3.63 133 28.13 3.64 125 28.90 3.67 258 21.10 6.40 
ACT-C 25.93 3.42 133 26.58 2.85 125 26.24 3.17 258 18.60 6.00 
Interests 
Science 59.49 7.08 132 58.09 8.43 124 58.81 7.78 256 50.00 10.00 
Art 49.57 9.66 132 51.37 10.27 124 50.44 9.98 256 50.00 10.00 
Social 47.32 9.71 132 50.98 10.89 124 49.09 10.44 256 50.00 10.00 
Bus. Contact 51.53 9.77 132 53.39 9.87 124 52.43 9.84 256 50.00 10.00 
Bus. Operat. 54.08 9.36 132 57.48 10.11 124 55.73 9.86 256 50.00 10.00 
Technical 54.29 9.88 132 46.02 9.69 124 50.28 10.61 256 50.00 10.00 
Congruence 
INCONGRUl 2.24 0.70 132 2.57 0.53 124 2.40 0.64 256 n/a n/a 
INCONGRU2 2.45 1.20 132 2.64 1.27 124 2.54 1.24 256 n/a n/a 
Grade Point Average 
GPAl 2.76 0.76 132 2.88 0.66 118 2.82 0.71 250 n/a n/a 
GPACUM 2.94 0.47 132 3.06 0.40 118 3.00 0.44 250 n/a n/a 
Student Profile 
PROF14 1.88 0.67 132 2.13 0.67 124 2.00 0.67 256 n/a n/a 
PROF15 2.04 0.67 131 2.25 0.69 121 2.14 0.68 252 n/a n/a 
PROFIT 5.94 0.83 131 6.31 0.68 123 6.12 0.78 254 n/a n/a 
PROF23 1.89 0.32 132 1.90 0.31 124 1.89 0.31 256 n/a n/a 
PROF29 1.31 0.46 132 1.38 0.49 124 1.34 0.48 256 n/a n/a 
Note: ^ ACT test scores from ACT Technical Manual based on 2,215,161 college-bound high school students graduating seniors from 1984-86. 
ACT Interest Inventory scores are standard scores (mean 50, standard deviation 10). 
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Table 14: Means and standard deviations for persisters and nonpersisters on ACT measures 
and college GPA 
Persisters Nonuersisters 
M SD N M SD N 
Educational Development 
ACT-E 23.97 ( 3.16) 185 21.99 ( 4.05) 73 
ACT-M 27.92 ( 3.70) 185 25.64 ( 4.60) 73 
ACT-SS 25.69 ( 4.32) 185 22.75 ( 4.80) 73 
ACT-NSC 29.46 ( 3.52) 185 27.47 ( 3.69) 73 
ACT-C 26.91 ( 2.85) 185 24.56 ( 3.31) 73 
Interests 
Science 59.58 ( 7.62) 183 56.88 ( 7.89) 73 
Art 50.16 (10.06) 183 51.15 ( 9.83) 73 
Social 48.76 (10.52) 183 49.92 (10.26) 73 
Bus. Contact 52.07 (10.13) 183 53.37 ( 9.07) 73 
Bus. Opérai. 55.91 ( 9.90) 183 55.27 ( 9.81) 73 
Technical 50.51 (10.46) 183 49.71 (11.03) 73 
Congruence 
INCONGRU 1 2.34 ( 0.65) 183 2.56 ( 0.60) 73 
INCONGRU! 2.36 ( 1.24) 183 2.99 ( 1.11) 73 
Grade Point Average 
GPAl 3.02 ( 0.58) 181 2.27 ( 0.75) 69 
GPACUM 3.05 ( 0.44) 181 2.88 ( 0.44) 69 
Student Profile 
PR0F14 2.00 ( 0.68) 183 2.00 ( 0.67) 73 
PR0F15 2.14 ( 0.69) 181 2.13 ( 0.65) 71 
PROFIT 6.23 ( 0.74) 183 5.83 ( 0.81) 71 
PROF23 1.90 ( 0.30) 183 1.86 ( 0.35) 73 
PROF29 1.33 ( 0.47) 183 1.38 ( 0.49) 73 
significant gender by persistence interaction. Women who persisted had slightly higher 
ACT-M scores than nonpersisters. For the men, the relationship was more drastic, with 
persisters outscoring nonpersisters. The interaction was significant, F(l, 254) = 6.88, g < 
.01. Table 13 also presents means and standard deviations for men and women on the six 
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UNIACT interest scales. Relative to normed means, sample means were nearly one standard 
deviation higher on Science, and one-half a standard deviation on Business Operations. 
There was a gender main effect for three of the UNIACT interest scales. Women scored 
higher than men on the Social scale, F(l, 252) = 7.68, g < .01, and the Business Operations 
scale, F(l, 252) = 7.73, g < .01. Men scored significantly higher than women on the 
Technical scale, F(l, 252) = 38.05, g < .001. The gender main effect was significant for one 
of the measures of Congruence (INCONGRU I), but not the other (INC0NGRU2). 
Frequency distributions for the two Congruence measures appear in Table 15. For 
INCONGRU 1, very few participants were categorized as "congruent" (Score =1). 
INC0NGRU2 was more evenly distributed across the four levels, with 31.1% of the men and 
29.0% of the women classified as "congruent." 
Table 15: Frequency distributions for INCONGRU 1 and INC0NGRU2 
Congruence Men Women Total 
Measure Freq. % Freq. % Freq. % 
INCONGRU 1 
Score I 20 15.1% 2 1.6% 22 8.6% 
Score 2 60 45.5% 49 39.5% 131 42.6% 
Score 3 52 39.4% 73 58.9% 125 48.8% 
INC0NGRU2 
Score 1 41 31.1% 36 29.0% 77 30.1% 
Score 2 28 21.2% 22 17.7% 50 19.5% 
Score 3 26 19.7% 17 13.7% 43 16.8% 
Score 4 37 28.0% 49 39.5% 86 33.6% 
Note: For both measures, lower scores represent higher degrees of interest congruence. 
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Participants indicated their degree of certainty in their choices of a college major 
(PROF 14) and occupation (PROF 15). As indicated in Table 13, on a scale of 1 to 3, the total 
sample mean and standard deviation for PR0F14 was 2.0 (.67), and 2.14 (.68) for PROF 15. 
These means indicate that participants on the average were "somewhat sure" of their major 
and occupational choices. Men expressed greater confidence than women in their pre-college 
choice of a college major (PROF 14), F(l, 252) = 8.82, g < .01, and choice of an occupation 
(PROF 15), F( 1,248)= 7.38, £<.01. 
Before starting college, this sample predicted to earn high grades in college (PROF 17). 
The mean expected college grade was 6.12 (.78), corresponding with expectations of earning 
a B/B+ grade point average in college. As expected, women expected to earn higher grades in 
college than men, (PROF 17), F(l, 250) = 17.98, g < .001. Persisters expected to earn 
significantly higher grades than nonpersisters, F(l, 250) = 15.77, p < .001. 
There were significant differences between persisters and nonpersisters on all of the ACT 
tests of Educational Development (see Table 12). For all of these scales, persisters 
significantly outperformed nonpersisters. For the UNIACT interest scales, persisters and 
nonpersisters were very similar. The only difference in interests was for the Science scale, 
with persisters scoring significantly higher than nonpersisters, F(l, 252) = 6.26, g < .01. 
However, there was a significant persistence status main effect for both of the measures of 
interest Congruence, INCONGRU 1, F(l, 252) = 6.17, g < .01, and INC0NGRU2, 
F(l, 252) = 13.92, g < 001. 
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Gender and Persistence Comparisons for Grade Point Average 
As Table 12 indicates, women and men did not differ in their first semester GPA (GPAl). 
However persisters earned significantly higher first semester CPA's than nonpersisters, F(l, 
246) = 69.51, E<.001. 
There were gender differences on cumulative GPA (GPACUM), F(l, 246) = 9.72, g < 
.01. However, for GPACUM there also was a significant main effect for persistence, and a 
significant interaction. For the women, persisters and nonpersisters were not different in their 
cumulative grade point averages. In contrast, men who persisted had higher cumulative grade 
point averages than men who did not persist. This interaction was significant, F(1,246) = 
6.58, E<.01. 
Categorical and Qualitative Data from the Survey Questionnaire 
Highest Degree Expected 
Participants indicated the highest degree they expect to earn. The most frequent response 
was a master's degree, with 49.4% of the sample expecting to continue their education 
through the master's degree. There were 32.7% of the participants expecting to stop at the 
bachelor's degree, 12.4% expected to earn a doctorate degree, and 5.4% expected to earn a 
professional or other degree. 
There were no gender differences in educational expectations, x^(3, N.= 275) = 1.03, ns. 
Similarly, persisters and nonpersisters were not significantly different in their educational 
expectations, x\3, 275) = 2.25, ns. 
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Expectations for Full-Time Work 
Participants were asked if they expected to work full-time throughout their careers. The 
majority of participants (85.7%) expected to work full-time throughout their careers. As 
expected, women were significantly more likely than men to indicate that they did not expect 
to work full-time throughout their career, %^(1, 272) = 20.94, g<.001. Thirty-two of the 
39 participants (82%) who answered "No" to this question were women. However, there was 
not a significant difference on this question between the persisters and the nonpersisters, 
%^(1, K= 272) = .57, ns. 
When asked to indicate their ideal work arrangement with respect to work hours and 
scheduling, there were again gender differences, .X^(2, N.= 226) = 63.40, p<.001. Answers 
were categorized into three groups; 1) full-time throughout career; 2) flexibility in scheduled 
work hours; and 3) modified scheduling and hours when children are young. Seventy-five 
percent of the 112 men who answered this question reported that they would ideally work full 
time throughout their careers. None of the men would ideally modify their work schedule or 
hours when children are young, and only 28 would ideally have flexibility in scheduled work 
hours. 
In contrast, the 114 women who answered this question were more evenly distributed over 
the three answer categories; 40.4% of the women ideally wanted modified scheduling and 
hours when children are young, 33.3% wanted to work full-time throughout their careers, and 
26.3% ideally wanted flexibility in scheduled work hours. There were no differences between 
persisters and nonpersisters on this question, %^(2, N_= 226) = .054,_p=.973. 
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Gender and Persistence Comparisons for Retrospective Grade Expectations 
Results from gender by persistence analyses of variance on the four retrospective grade 
expectations (GradeExl through GradeEx4) appear in Table 16. The only significant effect 
was for GradeExl, with persistera indicating higher minimum GPA's acceptable to them than 
nonpersisters, F( 1, 271 ) = 7.13, p< .01. 
Table 16; Analysis of variance examining gender, persistence, and the interaction between 
gender and persistence for retrospective grade expectations 
Variable df 
Gender 
Main 
Effect 
F 
Persistence 
Main 
Effect 
F 
Gender/ 
Persistence 
Interaction 
F 
GradeEx 1 1,271 2.61 4.57 0.11 
GradeEx2 1,271 4.67 7.13* 0.58 
GradeEx3 1,272 0.75 0.06 0.31 
GradeEx4 1,272 0.35 0.06 1.67 
Note: * p<.01. Degrees of freedom are for each main effect and interaction. 
Table 17 presents means and standard deviations broken down by gender and persistence 
status. Overall, men and women had high grade point average (GPA) expectations for college 
and high standards for acceptable performance. Men and women expected to earn fairly high 
grades in college, on average expecting to receive about a B average (GradeEx 1). When 
asked their lowest acceptable GPA in college (GradeEx 2), men and women on the average 
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indicated a GPA between a B and C was acceptable. If they were to start college all over 
knowing what they do now, their expected GPA (GradeEx 3) was still about a B. Similarly, if 
they were to start college all over, the minimum acceptable GPA would still be between a B 
and C 
Table 17: Means and standard deviations for retrospective grade expectations 
Gender Persistence Status 
Men Women Persisters Nonpersisters Total 
Measure mean sd mean sd mean sd mean sd mean sd 
GradeEx 1 5.84 0.85 6.03 0.91 6.00 0.88 5.76 0.90 5.93 0.88 
GradeEx 2 4.49 0.99 4.72 1.03 4.70 0.98 4.36 1.07 4.60 1.02 
GradeEx 3 5.92 0.87 5.79 0.94 5.85 0.92 5.88 0.86 5.86 0.91 
GradeEx 4 5.04 1.17 4.87 1.14 4.97 1.19 4.92 1.09 4.96 1.16 
ISU College Destination for Nonpersisters 
The 80 nonpersisters migrated to many colleges at ISU. Table 18 identifies the destination 
of the nonpersisters. The largest group migrated to the College of Business (n=26), followed 
by students migrating to non-scientific majors in Liberal Arts and Sciences (N=19). Very few 
students migrated to the College of Agriculture 5, and Family and Consumer Science 2. 
A chi-square analysis was conducted to determine if there were gender differences in final 
college destination for the nonpersisters. For this analysis, the four most popular colleges 
were used (the Colleges of Agriculture and Family and Consumer Science were omitted, given 
the small number of people who went to these colleges). 
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Table 18: Number and percentages of nonpersisters migrating to ISU colleges 
College Men 
% 
Women 
# % 
Total 
# % 
Agriculture 2 5.26% 3 7.14% 5 6.25% 
Business 13 34.21% 13 30.95% 26 32.50% 
Design 8 21.05% 4 9.52% 12 15.00% 
Education 11 28.95% 5 11.90% 16 20.00% 
Family Consumer 
Science 
0 0.00% 2 4.76% 2 2.50% 
Liberal Arts & 
Sciences (LAS) ^  
4 10.53% 15 35.71% 19 23.75% 
^ Numbers and percentages for LAS do not include students majoring in Biochemistry, 
Chemistry, Computer Science, Mathematics, Physics, or Statistics. 
Men and women were significantly different in college destination, N_= 73) = 9.94, 
2<.02. Equal numbers of men and women (13 of each) ended up in the College of Business. 
However, more women than men migrated to Liberal Arts and Sciences (15 women compared 
with 4 men), while more men than women nugrated to the College of Design (8 men 
compared with 4 women), and the College of Education (11 men versus 5 women). It should 
be noted that one major in the College of Education, Industrial Education and Technology, 
attracted most of the men, thus accounting for the popularity of the College of Education with 
the men in this sample. 
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Reasons Given by Nonpersisters for Changing Majors 
The 80 nonpersisters in the study were asked to indicate reasons why they changed majors, 
checking as many reasons as applied to them. Their responses are summarized in Table 19. 
The most frequent response was "Change in interest" with 76% endorsing this reason. 
Other frequently endorsed reasons included "My grades were lower than I expected in this 
major" (69%) and "Coursework not what I expected; did not realize what it was about" 
(61%). 
Table 19 also summarizes the most important reason identified for changing academic 
majors. Almost 77% of the participants selected one of three responses as the most important 
reason for changing academic majors. The most popular response was "Change in interest" 
(33.8%) followed by "Coursework not what I expected: did not realize what it was about" 
(23.4%) and "My grades were lower than I expected in this major" (19.5%). Small numbers 
of participants endorsed each of the other choices. 
The majority of both men and women endorsed these three reasons. However, there were 
gender differences in which response was the most popular. More women (41%) than men 
(25%) identified "Change in interest" (an internal reason) as their most important reason for 
changing majors. More men identified "Coursework not what I expected; did not realize what 
it was about" (an external reason) as their top reason for switching majors (31% versus 17%). 
There were no obvious gender differences for the other reasons cited. Thus, the data provide 
limited support that women report internal, and men external reasons for dropping out of 
engineering and related college majors, but overall men and women reported similar reasons. 
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Table 19; The number and percentages of nonparticipants a) endorsing each reason for 
changing majors, and b) the most important reason 
Any Reason 
Men Women Total 
a) Reason i % J % & % 
1. Change in interest 29 76.3% 32 76.2% 61 76.0% 
2. Curriculum program 23 60.5% 21 50.0% 44 55.0% 
too difHcuit 
3. Required too much 14 36.8% 11 26.2% 25 31.0% 
math or science 
4. Few career opportunities; 5 13.2% 4 9.5% 9 11.0% 
prospect for fiiture earnings 
poor 
5. Coursework not what 1 26 68.4% 23 54.8% 49 61.0% 
expected; did not realize 
what it was about 
6. My grades were lower 27 71.1% 28 66.7% 55 69.0% 
than I expected in major 
7. Classes were more 13 34.2% 4 9.5% 17 21.0% 
theoretical than I expected 
8. Other 5 13.2% 10 23.8% 15 19.0% 
Most Important Reason 
Men Women Total 
M Reason i % 1 % i % 
1. Change in interest 9 25.0% 17 41.5% 26 33.8% 
2. Curriculum program 1 2.8% 3 7.3% 4 5.2% 
too difficult 
3. Required too much 1 2.8% 2 4.9% 3 3.9% 
math or science 
4. Few career opportunities; 0 0.0% 1 2.4% 1 1.3% 
prospect for Aiture earnings 
poor 
5. Coursework not what I 11 30.5% 7 17.1% 18 23.4% 
expected; did not realize 
what it was about 
6. My grades were lower 8 22.2% 7 17.1% 15 19.5% 
than 1 expected in major 
7. Classes were more 2 5.6% 0 0.0% 2 2.6% 
theoretical than I expected 
8. Other 4 11.1% 4 9.8% 8 10.4% 
Note: Percentages arc based on the 80 nonpersisters in the stu(fy. 
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Life-Stvie Orientation Classification 
Participants were classified as having a "Work," "Relationship," or "Leisure" life-style 
orientation based on their highest score on the three LSI subscaies. Participants with two or 
three equal levels were categorized as "undifferentiated." Table 20 illustrates the frequency 
distribution for the scored LSI. 
Table 20: Frequency distribution of life-style orientation fi-om the LSI 
Work Men Women Total 
Orientation Freq. % Freq. % Freq. % 
Work 74 56.5% 51 41.1% 125 49.0% 
Relationship 25 19.1% 39 '31.5% 64 25.1% 
Leisure 26 19.8% 27 21.8% 53 20.8% 
Undifferentiated 6 4.6% 7 5.6% 13 5.1% 
A chi-square analysis was done to determine if there were gender by Life-Style Orientation 
classification differences. The analysis approached significance, %^(3, ^=255) = 7.20, 
p=.066. Gender differences on the Work and Relationship orientations account for the 
chi-square results. For men and women, the Work orientation was the most popular. This 
was especially true for the men, with 56.5% classified as Work oriented, compared with 
41.1% of the women. There was also a gender difference on Relationship orientation, with 
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more women than men (31.5% versus 19.1%) classified accordingly. Men and women were 
similar in the percentages classified as having a Leisure orientation. 
Prediction of Self-Efficacy Expectations 
Presented in Table 21 are correlations between the four sources of self-efficacy, ACT-M, 
and GPACUM. The two measures of Ability (ACT-M & GPACUM) were correlated with 
Personal Performance Accomplishments (.49 and .32 respectively), Social Persuasion (.33 and 
.34 respectively), and Emotional Arousal (.28 for each of them). 
The four sources of self-efficacy were all significantly correlated with each other, with the 
highest correlations between Personal Performance Accomplishments and Emotional Arousal 
(.64) and Social Persuasion (.58) respectively. 
Table 22 presents the results from the hierarchical regression analyses predicting 
MSE-COURSES. Table 23 summarizes the results from the hierarchical regression analyses 
predicting MSE-OCCUPATIONS. In 22a and 23a, gender was entered first, followed by the 
four Sources of Self-Efficacy (Personal Performance Accomplishments, Vicarious Learning, 
Social Persuasion, and Emotional Arousal), with ACT-M and GPACUM entered last as a 
block. In Tables 22b and 23b, the Sources of Self-Efficacy were entered first, followed by the 
ACT-M/GPACUM Block, and gender was entered last. In 22c and 23c, the ACT-M/ 
GPACUM Block was entered first, followed by the Sources of Self-Efficacy, with gender last. 
The increase in at each step indicates the amount of additional variance accounted for 
when the new variable is added to the equation. The significance of the increase in was 
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tested using Cohen and Cohen's (1983, p. 146) formula 4.4.2. Significance levels of .01 and 
higher were considered, given the relatively large sample size to number of variables ratio. 
For MSE-COURSES, gender was not a significant variable, even when entered first. The 
three significant variables (the Ability Block, Personal Performance Accomplishments, and 
Vicarious Learning), were significant no matter when they were entered into the equation. 
Adding Social Persuasion and Emotional Arousal had no effect on the variance accounted for 
in any of the three models. Collectively, the predictor variables accounted for 40.46% of the 
variance in the dependent variable, MSE-COURSES. 
Table 21: Correlations, means and standard deviations of sources of self-efficacy, gender, 
ACT mathematics scores" and cumulative college GPA 
Variable 1 2 3 4 5 6 
1. ACT Mathematics 
2. Cumulative GPA .33* -
3. Personal Performance .49* .32** -
Accomplishments 
4. Vicarious Learning .14 .17* 21** . 
5. Social Persuasion .33** .34** .58** .44** -
6. Emotional Arousal .28** .28** .64** .22** .45** -
M 27.27 3.00 37.00 33.36 33.76 35.34 
SD 4.10 .44 5.93 5.02 4.67 7.41 
Note: ^ American College Testing Program (ACT) Mathematics Scale. 
*p<.01 
**p<.001 
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Table 22: Hierarchical multiple regression predicting MSE-COURSES, from gender, sources 
of self-eflficacy, and ability 
Variable R" inc. F inc. df 
a) Gender first, then the sources of self-efficacy, then ability 
Gender .0003 .0003 .073 1,244 
PPA .3288 .3285 118 930** 1,243 
VL .3581 .0293 11.046** 1,242 
SP .3587 .0006 .225 1,241 
EA .3614 .0027 1.015 1,240 
ACT-M/GPACUM .4046 .0432 8.634** 2,238 
b) Sources of self-efficacy first, then ability, then gender 
PPA .3229 .3229 116.360** 1,244 
VL .3477 .0248 9.239 * 1,243 
SP .3479 .0002 .074 1,242 
EA .3501 .0022 .816 1,241 
ACT-M/GPACUM .3930 .0429 8.446 ** 2,239 
Gender .4046 .0116 4.637 1,238 
c) Ability first, then sourcesi af self-efficacy, then gender 
ACT-M/GPACUM .1464 .1464 20.838 ** 2,243 
PPA .3725 .2261 87.197 ** 1,242 
VL .3921 .0196 7.770 * 1,241 
SP .3925 .0004 158 1,240 
EA 3930 .0005 .197 1,239 
Gender .4046 .0116 4.637 1,238 
Note; The four sources of sclf-cfiïcacy arc Personal Performance Accomplishments (PPA), 
Vicarious Learning (VL), Social Persuasion (SP), and Emotional Arousal (EA). 
Ability was measured with ACT -Mathematics (ACT-M ) 
*p<.01, **p<.00i 
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The results were somewhat different for the other measure of Self-Efficacy, MSE-
OCCUPATIONS. The variables collectively were less predictive than for MSB-COURSES, 
accounting for only 15.38% of the variance. Also, the only variable that consistently 
contributed to the model was Personal Performance Accomplishments, contributing whenever 
it was entered into the equation. When gender was entered first (Table 23), Personal 
Performance Accomplishments was the only variable contributing significantly. However, 
when gender was entered last, it also contributed significantly to the prediction (see Table 
23c). The Ability Block (ACT-M/GPACUM) only contributed when it was entered first. 
Table 23: Hierarchical multiple regression predicting MSE-OCCUPATIONS, fi-om 
gender, sources of self-efficacy, and ability 
Variable R^ R^ inc. F inc. df 
a) Gender entered first, then sources of self-efficacy, then ability 
Gender .0089 .0089 2.191 1,244 
PPA .1418 .1329 37.631 ** 1,243 
VL .1483 .0065 1.847 1,242 
SP .1511 .0028 .795 1,241 
EA .1513 .0002 .057 1,240 
ACT-M/GPACUM .1538 .0025 .352 2,238 
Note: The four sources of self-eSicacy are Personal Performance Accomplishments (PPA), 
Vicarious Learning (VL), Social Persuasion (SP), and Emotional Arousal (EA). 
Ability was measured with ACT-Mathematics (ACT-M ). * p < .01, ** p < .001. 
144 
Table 23: (continued) 
Variable R* R^ inc. Fine. df 
b) Sources of self-efficacy entered first, then ability, then gender 
PPA .1254 .1254 34.985 ** 1,244 
VL .1289 .0035 .976 1,243 
SP .1301 .0012 .334 1,242 
EA .1302 .0001 .028 1,241 
ACT-M/GPACUM .1319 .0017 .234 2,239 
Gender .1538 .0219 6.160* 1,238 
c) Ability entered first, then sources of self-eflRcacy, then gender 
ACT-M/GPACUM .0443 .0443 5.632 ** 2,243 
PPA .1283 .0840 23.320 ** 1,242 
VL .1311 .0028 .777 1,241 
SP .1319 .0008 .221 1,240 
EA .1319 .0000 .000 1,239 
Gender .1538 .0219 6.160* 1,238 
Multivariate Relationships between Variables and Persistence 
Model Building Analyses 
The first step in the logistic regression analysis was to examine the Intercept Model (i.e. 
the model before any independent variables were added), and determine its accuracy in 
predicting persistence. As Table 24a summarizes, the G value for the Intercept Model was 
261.69, (df = 0). 
Table 25 presents the classification table comparing observed and predicted persistence for 
the Intercept Model. This model used the proportions of persisters and nonpersisters in the 
population to predict persistence status. 
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Table 24: Ability compared with a) the intercept model, b) ability plus self-efficacy (SE), 
expectancy/valance (E/V), support/barriers (S/B), and congruence (CO), and 
c) the combination model starting with ability, and adding SE, then EA^, then S/B, 
and then CO 
Model G df Sig. Level 
a) Intercept 261.69 0 
Gender 261.63 1 .06 1 ns 
Ability 206.02 3 55.67 3 p<.001 
b) Ability + SE 181.90 5 24.12 2 p<.001 
Ability + E/V 201.83 5 4.19 2 ns 
Ability + S/B 192.51 6 13.51 3 p<.01 
Ability + CO 194.47 5 11.55 2 p<.01 
c) Ability + SE 181.90 5 24.12 2 p<.001 
Ability + SE + S/B 170.93 8 10.97 3 p<.025 
Ability + SE + S/B + CO 160.88 10 10.05 2 p<.01 
Note: G refers to the log likelihood ratio. Gj^g- and df^jff refers to the difference between a) the intercept 
model and the intercept + Ability Model, b) the difference between the Ability Model and each 
block, and c) the diflcrencc between each model and the cumulative preceding it. Abili^ is 
measured by GPAl, GPACUM, ACT-M; SE by MSE-COURSES, MSE-OCCUPATIONS; E/V by 
OE. WORK; S/B by CES-TS, CES-C, SPS; CO by INCONGRUl, INCONGRU2. 
Because the majority of the participants were persisters, the Intercept Model predicted that 
all of the participants were persisters. Thus, the correct classification of persisters was 100%. 
Similarly, the Intercept Model classified all of the nonpersisters (100%) incorrectly. The 
Intercept Model was able to correctly classify 72.6% of the participants, which corresponds to 
the percentage of persisters in the sample used for these analyses. Similarly, the percentage of 
incorrectly classified participants was 27.4%, equaling the percentage of nonpersisters in the 
sample. These rates (72.6% correct and 27.4% incorrect) fi"om the Intercept Model were 
used as the baseline, and then the other models were compared to this baseline rate. 
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Table 24a compares the Intercept Model with the model adding Gender and the model 
adding the Ability Block. Contrary to the hypotheses, Gender did not reduce the G value 
significantly, and thus did not add to the model. It was omitted from further logistic 
regression analyses. 
Table 25: Classification table comparing observed with predicted persistence for the 
intercept model 
Observed 
Intercept Model Persist Nonpersist Total 
Predicted 
Persist 162 61 223 
Nonpersist 0 0 0 
Total 162 61 223 
% Classified 
Correctly 100.0% 00.0% 72.6% 
Incorrectly 00.0% 100.0% 27.4% 
The Ability Block significantly improved the model's fit to the data, decreasing the G value 
by 55.67 (df = 3), £<.001. The Ability Model was able to increase the number of 
nonpersisters classified correctly, from 0% to 41.0% (see Table 26). The Ability Model 
classified 93.2% of persisters correctly. The overall percentage of correct classifications 
improved on that found by the Intercept Model alone (78.9% versus 72.6%). The Ability 
Block was thus used in subsequent logistic regression analyses. 
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Table 26: Classification table comparing observed with predicted persistence for the ability 
model 
Observed 
Ability Model Persist Nonpersist Total 
Predicted 
Persist 151 36 187 
Nonpersist 11 25 36 
Total 162 61 223 
% Classified 
Correctly 93.2% 41.0% 78.9% 
Incorrectly 6.8% 59.0% 21.1% 
Note: Ability is measured by GPAl, GPACUM, and ACT-M. 
Model with Ability Entered First 
The next stage examined the contributions of each theoretical block to the model 
containing Ability. Table 24b presents these results. Three of the theoretical blocks added 
significantly to the predictiveness of the Ability Model; Self-EfBcacy, Support/Barriers, and 
Congruence. Expectancy/Valence was the only theoretical block which did not add to the 
Ability Model. The significant theoretical blocks were ranked from the largest difference to 
the smallest. The Self-Efficacy Block had the greatest change in G, decreasing it by 24.12 (df 
= 2). It was followed by Support/Barriers, and lastly Congruence. 
The next stage looked at the cumulative contribution of the theoretical blocks to the 
Ability Model. The blocks were entered one at a time, starting with Ability, then 
Self-Efficacy, Support/Barriers, and then Congruence. The model was examined at each 
increment to determine if the new block significantly improved the model's fit with the data. 
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Table 24c presents the cumulative models. At each step, the addition of the theoretical 
block was significant. Even the Congruence Block, which was entered after all the other 
blocks, was able to reduce G by 10.05 (df = 2), which was significant at the .01 level. Thus, 
each theoretical block contributed above and beyond the other theoretical blocks to the 
model. 
The final model, containing Ability, Self-Efficacy, Support/Barriers, and Congruence 
theoretical blocks reduced the G from 261.69 to 160.88, with 10 degrees of freedom. This 
was a net change of 100.81 from the G value for the Intercept Model. 
The classification table (predicted vs. observed) for the final model is presented in Table 
27. The model classified 57.4% of the nonpersisters correctly, and 91.4% of persisters. 
Table 27: Classification table, ability first, comparing observed with predicted persistence 
from the full variable model 
Observed 
Full Variable Model Persist Nonpersist Total 
Predicted 
Persist 148 26 174 
Nonpersist 14 35 49 
Total 162 61 223 
% Classified 
Correctly 91.4% 57.4% 82.1% 
Incorrectly 8.6% 42.6% 17.9% 
Note: The full model includes intercept and: GPAl, GPACUM, ACT-M, MSE-COURSES, 
MSE-OCCUPATIONS, CES-TS, CES-C, SPS, INCONGRUl, INC0NGRU2. 
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Estimated coefficients and standard errors for each variable in the Full Model appear in 
Table 28. Also included are the univariate Wald chi-square statistic and significance level. 
The univariate Wald statistic is the squared ratio of the estimated coefficient to its estimated 
standard error (Agresti, 1990, p. 89), and can be used to evaluate which individual variables in 
the model are significant. However, caution should be used in interpreting these values. An 
important variable for predicting persistence may have a nonsignificant Wald statistic, given 
the combination of variables in the model. For the fiill variable logistic regression model, two 
Ability measures (GPAl and GPACUM) had significant Wald values. Also significant was 
one measure of Mathematics Self-Efficacy (MSE-OCCUPATIONS), one of the Support/ 
Barriers measures (CES-C), and one of the Congruence measures (INC0NGRU2). 
Table 28; Estimated coefficients, standard errors, and Wald chi-square statistic for the full 
variable logistic regression model 
Full Model 
Estimated Standard Wald 
Variable Coefficient Error Chi-Square Sig. 
GPAl 0.01990 0.0041 23.83 *** 
GPACUM -0.01830 0.0065 7.90 ** 
ACT-M 0.04470 0.0588 0.58 ns 
MSE-COURSES 0.00557 0.0072 0.59 ns 
MSE-OCCUPATIONS 0.02740 0.0093 8.77 ** 
CES-TS 0.06160 0.0435 2.01 ns 
CES-C -0.11530 0.0558 4.27 * 
SPS 0.00328 0.0152 0.05 ns 
INCONGRUl -0.06780 0.3944 0.03 ns 
INC0NGRU2 -0.49500 0.2137 5.36 * 
INTERCEPT -0.41080 2.9934 0.02 ns 
G. 160.88, dflO 
Note: * p < .05, ** p < .01, *** p < .001 
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Model with Ability Entered Last 
The Self-Efficacy theoretical block contributed the most to the Ability Block in the above 
analyses. The Self-Efficacy Block was therefore examined alone, and a model was built 
adding to the Self-Efficacy Block. 
Table 29a presents the Self-Efficacy model, compared with the Intercept Model. The 
Self-Efficacy Block alone was able to decrease the G value by 34.06 (df = 2). This reduction 
in G was greater than Self-Efficacy's reduction when it was added to Ability (34.06 versus 
24.12), suggesting that there is some shared variance between Self-Efficacy and Ability. 
Table 29: Self-efficacy (SE) compared with a) intercept model, b) support/barriers (S/B), 
congruence (CO), and ability, and c) combination model starting with SE and 
adding S/B, then CO, and then ability 
Model G df ^diir Sig. Le 
a) 
Intercept 261.69 0 
SE 227.63 2 34.06 2 p<.001 
b) 
SE + S/B 207.87 5 19.76 3 p<.001 
SE + CO 212.24 4 15.39 2 p<.001 
SE + Ability 181.90 5 45.73 3 p<.001 
c) 
SE+S/B 207.87 5 19.76 3 p<.001 
SE+S/B+CO 195.94 7 11.93 2 p<.001 
SE+S/B+CO+Ability 160.88 10 35.06 3 p<.001 
Note: G refers to the log likelihood ratio. and df^jg- refers to the difference between a) the intercept 
model and the intercept + SE model, b) the difference between the SE model and each block, and c) 
the difference between each model and the cumulative preceding it. Ability is measured by GPAl, 
GPACUM, ACT-M; SE by MSE-COURSES, MSE-OCCUPATIONS; S/B by CES-TS, CES-C, SPS; 
CO by INCONGRU 1, INC0NGRU2. 
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The other theoretical blocks were added to Self-EfKcacy, and their contributions appear in 
Table 29b. Each of the theoretical blocks added significantly to the model after the 
Self-Efficacy Block. The Ability Block clearly had the strongest impact on the model, 
decreasing the G value by 45.73 (df = 3). The Support/Barriers Block decreased the G value 
by 19.76 (df = 3), and the Congruence Block decreased the G value by 15.39 (df = 2). 
Table 29c shows the Cumulative Model. Contrary to predictions. Congruence added to 
the model's fit to the data beyond the contributions made by the Self-Efficacy and 
Support/Barriers Blocks. Also contrary to predictions, the Ability Block added to the 
Cumulative Model's fit to the data beyond contributions made by the other theoretical blocks. 
Even when added last to the Cumulative Model, Ability was able to decrease G by the 
greatest amount of all the theoretical blocks. 
The importance of the Ability Block for influencing the model is fiirther demonstrated by 
comparing the Ability Block alone with the Self-Efficacy Block alone. The Ability Block by 
itself was able to reduce G more than the Self-Efficacy Block alone (55.67 versus 34.06). 
Table 30 presents predicted classifications using the Self-Efficacy Block alone, versus actual 
cases. When this classification tables was compared with the Ability Block alone (Table 26 
versus Table 30), Ability by itself was superior to Self-Efficacy by itself for classifying 
persisters correctly (93.2% versus 92.6%), for classifying the nonpersisters correctly (41.08% 
versus 29.5%) and in the overall correct classification (78.9% versus 75.3% correct). These 
findings together reinforce the decision to use the Ability Block as the starting point for model 
building. 
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Table 30: Classification table, self-efficacy alone, comparing observed with predicted 
persistence 
Observed 
Self-Efficacy Model Persist Nonpersist Total 
Predicted 
Persist 150 43 193 
Nonpersist 12 18 30 
Total 162 61 223 
% Classified 
Correctly 92.6% 29.5% 75.3% 
Incorrectly 7.4% 70.5% 24.7% 
Note; Self-efficacy was measured by MSE-COURSES and MSE-OCCUPATIONS. 
Examining the Model for Parsimony 
The last step of the logistic regression analyses attempted to examine the theoretical 
blocks, to determine if some variables could be omitted while still retaining the final model's fit 
with the data. This stage attempted to build a more parsimonious model fitting the data. 
As can be seen in the correlation table in Table 31, many of the variables within the 
theoretical blocks were correlated. Variables were examined to determine if they were 
redundant, or not contributing to the block. If a subset of the theoretical block contributed 
just as much to the model as the whole block, then the subset was used instead. 
Table 32 illustrates the relationships between the subsets of variables and the theoretical 
blocks. None of the individual Ability measures contributed as much to the model as the 
combination of variables. However, the combination (GPAl and GPACUM), was not 
Table 31: Correlation matrix between measures of ability, self-efficacy, expectancy/valence, support/barriers 
congruence, and persistence 
Variable 1 2 3 4 5 6 7 
1. GPAl -
2. GPACUM 0.67 ** -
3. ACT-M 0.38 ** 0.33 ** -
4. MSE-COURSES 0.32 ** 0.36 ** 0.27 ** -
5. MSE-OCCUPATIONS 0.19 * 0.16 * 0.19 * 0.68 ** -
6.0E 0.35 ** 0.28 ** 0.26 ** 0.38 ** 0.21 ** -
7. WORK 0.06 0.06 -0.13 0.15 0.11 0.14 -
8. CES-TS 0.30 ** 0.24 ** 0.26 ** 0.27 ** 0.17 * 0.38 ** -0.05 
9. CES-C -0.00 0.07 -0.05 -0.04 -0.07 -0.04 -0.00 
10. SPS 0.29 ** 0.24 ** 0.14 0.26 ** 0.14 0.32 ** -0.05 
ll.INCONGRUl -0.03 0.07 0.07 0.03 -0.03 -0.07 -0.08 
12. INCONGRU2 -0.11 -0.02 -0.02 -0.00 -0.04 -0.05 -0.03 
13. PERSIST -0.49 ** -0.17 * -0.25 ** -0.36 ** -0.35 ** -0.26 ** -0.02 
Variable 8 9 10 11 12 13 
1. GPAl 
2. GPACUM 
3. ACT-M 
4. MSE-COURSES 
5. MSE-OCCUPATIONS 
6.0E 
7. WORK 
8. CES-TS 
9. CES-C 
10. SPS 
ll.INCONGRUl 
12. INCONGRU2 
13. PERSIST 
-0.18 * -
0.47 ** -0.02 -
-0.09 0.03 -0.08 -
-0.13 0.00 -0.07 0.63 ** -
-0.31 ** 0.17 * 0.25 ** 0.16 * 0.23 
Note: Persist is dummy coded, persisters = 1, nonpersisters = 2. Work is duimny coded, work orientation = 1, nonwork orientation = 0. * p < .01, ** 
p < .001 
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Table 32: Comparisons of individual variables and relevant combinations with the full block 
of ability, self-efficacy (SE), and support/barriers (S/B), and congruence (CO) 
Model G df ^diff Sig. Level 
Ability 
GPAI, GPACUM, ACT-M 206.02 3 
GPAl 217.20 1 11.18 2 p<.01 
GPACUM 256.58 1 50.56 2 p < .001 
ACT-M 246.70 1 40.68 2 p<.001 
GPAI, GPACUM 209.07 2 3.05 1 ns 
GPAl, ACT-M 214.51 2 8.49 1 p<.01 
GPACUM, ACT-M 245.45 2 39.43 1 p < .001 
Self-EfKcacy 
MSE-COURSES, MSE-OCCUP. 227.63 2 
MSE-COURSES 238.38 1 10.75 1 p<.01 
MSE-OCCUPATIONS 229.96 1 2.33 1 ns 
Support/Barriers 
CES-TS, CES-C, SPS 235.44 3 
CES-TS 242,21 1 6.77 2 p<.05 
CES-C 252.52 1 17.08 2 p < .001 
SPS 252.02 1 16.58 2 p < .001 
CES-TS, CES-C 237.94 2 2.50 1 ns 
CES-TS, SPS 240.22 2 4.78 1 p<.05 
CES-C, SPS 243.33 2 7.89 1 p < .001 
Congruence 
INCONGRUl, INC0NGRU2 246.07 2 
INCONGRU] 254.91 1 8.84 1 p< .01 
INCONGRU2 246.14 I 0.07 I ns 
Note: G refers to the log likelihood ratio. Gjjjj- and df^j^j- refers to the difference between 
individual variables (and combinations) and the theoretical block containing all 
variables. All models contain the intercept term. 
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significantly different from the block in its contribution to the model. Thus, the subset of 
GPAl and GPACUM replaced the three variable block to measure Ability. 
The Self-Efficacy block was compared with the individual variables of MSE-COURSES 
and MSE-OCCUPATIONS. MSE-OCCUPATIONS contributed as much to the model as the 
combination of the two variables. Therefore, the Self-Efficacy Block was measured by MSE-
OCCUPATIONS alone. 
For the Support/Barriers Block, none of the single terms fitted the data as well as the three 
variable block. However, when the two variable combination of CES-TS and CES-C was 
compared to the original block, the difference was not significant. Therefore, this subset was 
retained as the measure of the Support/Barriers Block. 
INCONGRU 1 and INC0NGRU2 were compared to the combination of the two in the 
Congruence Block. INC0NGRU2 was found to fit the data as well as the combination (G^jg-
was not significant), so INC0NGRU2 was substituted to measure the Congruence Block. 
The final Reduced Model contained 6 variables, compared with 10 variables in the Full 
Model. The Reduced Variable Model was evaluated in its fit to the data. As with previous 
analyses, Ability was entered first, followed by Self-Efficacy, then Support/Barriers, then 
Congruence. The Reduced Model was then compared to the originally developed model. 
Table 33 indicates the new G value of 162.15 with 6 degrees of freedom for the Reduced 
Model. The Reduced Model containing 6 variables fit the data as well as the original 10 
variable model, G^jQ- (4) = 1.27, ns. Therefore, the Reduced Model represents a more 
parsimonious fit to the data. 
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Table 33: Comparisons of the full 10 variable model with the reduced 6 variable model 
Model G df df^j^f Sig. Level 
Full Model 
Intercept 261.69 0 
Ability+SE+S/B+CO 160.88 10 100.81 10 p<.001 
Reduced Model compared to the Full Model 
Ability+SE+S/B+CO 162.15 6 1.27 4 ns 
Note: G refers to the log likelihood ratio. Gjjjj- and dfjjjj- refers to the difference between the 
Full Model and Reduced Model. Ability in the Full Model is measured by GPAl, 
GPACUM, ACT-M; SE by MSE-COURSES, MSE-OCCUPATIONS; S/B by 
CES-TS, CES-C, SPS; CO by INCONGRUl, INC0NGRU2. The Reduced Model 
included GPAl, GPACUM, MSE-OCCUPATIONS, CES-TS, CES-C, and 
INCONGRUl. 
The Reduced Model's predictiveness was then compared to the Full Model in correctly 
classifying persisters and nonpersisters. Table 34 presents the classification table for the 
Reduced Model. The Reduced and Full Models were very similar in correct classifications for 
persisters (90.7% versus 91.4%), nonpersisters (57.4% for each), and overall (81.6% versus 
82.1%). Thus, given that the Reduced Model achieved a similar fit to the data, and was 
essentially as accurate at predicting persistence status, the Reduced Model is a viable 
substitute for the Full Model. 
The estimated coefficients, standard errors, and corresponding Wald chi-square statistic for 
the Reduced Model appear in Table 35. Again, both Ability measures (GPAl, GPACUM) 
were significant. Also significant were MSE-OCCUPATIONS, CES-C, and INC0NGRU2. 
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Table 34: Classification table, ability first, comparing observed with predicted persistence 
fi-om the reduced variable model 
Reduced Variable Model Observed 
Persist Nonpersist Total 
Predicted 
Persist 147 26 173 
Nonpersist 15 35 50 
Total 162 61 223 
% Classified 
Correctly 90.7% 57.4% 81.6% 
Incorrectly 9.3% 42.6% 18.4% 
Note: The Reduced Variable Model includes intercept and: GPAl, GPACUM, MSE-
OCCUPATIONS, CES-TS, CES-C, INC0NGRU2. 
Table 35: Estimated coefficients, standard errors, and Wald chi-square statistic for the 
reduced variable logistic regression model 
Reduced Variable Logistic Regression Model 
Estimated Standard Wald 
Variable Coefficient Error Chi-Square Sig. 
GPAl 0.0205 0.0040 26.42 
GPACUM -0.0171 0.0063 7.44 
MSE-OCCUPATIONS 0.0325 0.0076 18.31 
CES-TS 0.0753 0.0401 3.53 
CES-C -0.1137 0.0552 4.24 
INC0NGRU2 -0.4955 0.1682 8.68 
INTERCEPT 0.4298 2.7336 0.02 
G: 162.15, df 6 
Note: G refers to the log likelihood ratio. * p < .05, ** p < .01, *** p < .001 
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Logistic Regression Analysis using Pre-Choice Measures 
Tentative, parallel logistic regression analyses, using Pre-Choice measures were performed. 
Table 36a presents comparisons between the model containing Ability, and models adding 
Self-EfBcacy, Certainty of Major/Occupational Choice, and Congruence. Ability added 
significantly to the Intercept Model, reducing the G by 56.75 (df = 2). 
Table 36; The pre-choice model of ability compared with a) the intercept model, b) the 
ability plus self-efficacy (S/E), certainty of major/occupational choice ( CMO), 
and congruence (CO) 
Model G df G^j^- dfjjjj- Sig. Level 
a) 
Intercept 284.87 0 
Ability 228.12 2 56.75 2 p<.001 
b) 
Ability + SE 226.92 5 1.20 3 ns 
Ability + CMO 226.46 4 1.66 2 ns 
Ability + CO 215.22 4 12.90 2 p<.01 
Note: G refers to the log likelihood ratio. Gj^^and dfjjjj-refers to the difference between a) the intercept 
model and the intercept + Ability Model, b) the Ability Model and each block. Ability is measured by 
GPAl and ACT-M; SE by PROFIT, PROF23, PROF29; CMO by certainty of major choice 
(PROF 14) and certainty of occupational choice (PROF 15); CO by INCONGRUl, INC0NGRU2. 
Table 36b presents the combinations of Ability and Self-Efficacy, Ability and Congruence, 
and Ability and Certainty of Major/Occupational Choice. The Congruence Block contributed 
significantly when added to Ability, G = 12.90 (df = 2), p<.01. Certainty of Major/ 
Occupational Choice and Self-Efficacy, however did not add significantly to the model. 
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The only theoretical block that significantly contributed to the Ability Model was thus 
Congruence. The final model containing Ability and Congruence had a G value of 215.22 (df 
= 4), reducing the G fi-om the Intercept Model by 69.65. 
Table 37 indicates the classification of persisters and nonpersisters using the Pre-Choice 
Ability Block alone. The model was able to correctly categorize 75.8% of participants, with 
89.9% of the persisters, and 37.9% of the nonpersisters classified correctly. 
Table 37: Classification table for pre-choice model using ability alone, comparing observed 
with predicted persistence 
Observed 
Pre-Choice Ability Model Persist Nonpersist Total 
Predicted 
Persist 160 41 201 
Nonpersist 18 25 43 
Total 178 66 244 
% Classified 
Correctly 89.9% 37.9% 75.8% 
Incorrectly 10.1% 62.1% 24.2% 
Note: Ability in the pre-choice model is measured by GPAl and ACT-M. 
The classification table for the cumulative Pre-Choice model is presented in Table 38. The 
Pre-Choice blocks were able to classify 77.0% of the participants correctly, with 91.9% of the 
persisters, and 37.9% of the nonpersisters classified correctly. This model improved the 
Ability Model in overall correct classifications, but did not differ in classifying nonpersisters. 
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Table 38: Classification table for pre-choice model comparing observed with predicted 
persistence 
Observed 
Full Pre-Choice Variable Model Persist Nonpersist Total 
Predicted 
Persist 163 41 204 
Nonpersist 15 25 40 
Total 178 66 244 
% Classified 
Correctly 91.6% 37.9% 77.0% 
Incorrectly 8.4% 62.1% 23.0% 
Note: The Full Pre-Choice Variable Model includes the following variables; GPAl, ACT-M, 
INCONGRUl, INC0NGRU2. 
The estimated coefficients, standard error, and Wald chi-square statistic for the variables in 
the Pre-Choice model appear in Table 39. The Wald chi-square statistic was significant for 
one of the Ability measures (GPAl), one Congruence measure (INC0NGRU2), and the 
intercept. 
Table 39: Estimated coefficients for the pre-major logistic regression model 
Full Variable Model Wald 
Variable Est. Coeff. Std. Err. chi-square Sip. 
GPAl 0.0156 0.0029 29.58 *** 
ACT-M 0.0778 0.0489 2.53 
INCONGRUl -0.1463 0.3513 0.17 
INC0NGRU2 -0.4457 0.1864 5.72 * 
Intercept -3.7350 1.4588 6.56 * 
G: 215.22, df 4 
Note: *p<.05, **p<.01, ***p< .001. 
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Table 40 presents the correlation matrix between pre-choice variables and persistence. 
The two Ability measures (GPAl, ACT-M) were moderately correlated, r = .38. The two 
measures of Congruence (INCONGRUl, INC0NGRU2) were highly correlated, r = .63, as 
were the two measures of Certainty of Major/Occupational Choice, r = .77. 
Table 40: Correlation matrix between pre-choice variables and persistence 
Variable 1 2 3 4 5 
1. GPAl -
2. ACT-M 0.38 ** -
3. INCONGRUl -0.03 0.07 -
4. INC0NGRU2 -0.11 -0.02 0.63 *** -
5. PR0F14 " 0.16* 0.05 0.10 0.03 -
6.PR0F15^ 0.18 * 0.13 0.07 0.08 0.77 ** 
7. PROF 17 ® 0.29** 0.42 ** 0.06 -0.05 0.11 
8. PROF23 0.09 0.18* 0.06 0.06 -0.06 
9. PROF29 " 0.00 -0.25 ** 0.03 -0.02 0.04 
10. PERSIST -0.47 ** -0.25 *» 0.16* 0.23 ** 0.00 
Variable 6 7 8 9 10 
1. GPAl 
2. ACT-M 
3. INCONGRUl 
4. INC0NGRU2 
5. PR0F14 ® 
6. PROFIS*" 
7.PROF17® 
8. PROF23 
9. PROF29 ® 
10. PERSIST 
0.17* 
-0.02 
-0.02 
-0.01 
0.15 
-0.25 ** 
-0.23 ** 
-0.17* 
-0.06 0.05 
Note: Persist is dummy codcd, persistence = 1, nonpersistence = 2. * p < .01, **p< .001, *** I 
.05. Certainty of college major choice. Certainty of occupational choice, Estimate of 
overall GPA in college, ** Need help improving mathematical skills, ° Interested in advanced 
placement mathematics. 
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Table 41 summarizes the correct classifications for all of the models. Each model 
accurately predicts persisters. The models diverge in their accuracy in identifying 
nonpersisters. The models containing Ability, Self-Efficacy, Support/Barriers, and 
Congruence measures were the best models for identifying nonpersisters. The full and 
reduced models with these variables were equally accurate, correctly identifying 57.4% of the 
nonpersisters. 
Table 41; Comparison of each model's accuracy in predicting persisters, nonpersisters, and 
overall 
Model 
Percent Correctly Categorized 
Persisters Nonpersisters Overall 
Intercept 
Ability Model 
Self-Efficacy Model 
Full Cumulative Model 
Reduced Cumulative Model 
Pre-Choice Ability Model 
Pre-Choice Cumulative Model 
100.0% 
93.2% 
92.6% 
91.4% 
90.7% 
89.9% 
91.6% 
0.0% 
41.0% 
29.5% 
57.4% 
57.4% 
37.9% 
37.9% 
72.6% 
78.9% 
75.3% 
82.1% 
81.6% 
75.8% 
77.0% 
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DISCUSSION 
This study examined student's experiences in engineering and related college majors. 
Factors related to persistence were explored, and relationships between factors were 
examined. Particular attention was given to persistence of women, because women continue 
to be underrepresented in these majors. 
Sample Characteristics 
Of the original group of students who were invited to participate in this study, about 
two-thirds persisted in engineering, physical science, and mathematical college majors. This 
rate of persistence was the same for men and women. 
The majority of students who returned questionnaires (71%) persisted in engineering, 
physical science, or mathematical college majors. Persisters had significantly higher return 
rates than nonpersisters, and the final number of participants who persisted exceeded the 
number of nonpersisters participating in the study. Therefore, when evaluating the sample as 
a whole, the dominant influence was from students who persisted in engineering and related 
majors. 
Women were more likely than men to participate in this study. However, the final sample 
was almost equally distributed across gender. Thus the sample as a whole was not skewed 
with respect to gender. 
Participants in this sample had high levels of mathematical and natural science ability, and 
were interested in science. In addition, men and women in this sample expressed high levels 
of confidence in their mathematical abilities. On average, these students expected to earn high 
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grades in college, and they did not expect to need any help improving their mathematical 
skills. 
Their confidence seems warranted. On average, these men and women performed quite 
well in college, earning strong first semester and cumulative grade point averages in college. 
The sample expressed high levels of mathematical self-eflficacy. They also reported 
experiencing high levels of performance accomplishments, and moderately high levels of 
vicarious learning opportunities and social persuasion. Men and women in this sample were 
ambitious. The median expected educational level for this group was a master's degree. 
With respect to the sample's views of the environment in engineering, physical science, and 
mathematics, most saw it as quite competitive. They also tended to see these fields as 
somewhat lacking in support from instructors. They may have found more support from other 
students in their major, as evidenced by the slightly higher average scores on the overall 
measure of social support. 
Overall, the dominant life-style orientation of this sample was consistent with demands of 
occupations in engineering and related disciplines. This sample appeared to be more work 
oriented than oriented to the other life-style orientations of relationship and leisure. They 
expected to work full-time throughout their careers. 
Gender DifTerences 
By the time women enter engineering and related disciplines, gender appears to lose its 
importance in predicting persistence. For this group of students, gender was not an important 
variable in explaining persistence in engineering and related disciplines. Gender was 
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uncorrelated with persistence, and did not contribute to the multivariate model predicting 
persistence. Gender was also uncorrelated or modestly correlated with each of the variables 
studied. This suggests that women who attempt engineering and related college majors are 
veiy similar to their male peers. However, because the number of women who attempt these 
majors is still small, the loss of about one-third of them heavily impacts their representation in 
engineering, physical science, and mathematical majors. 
There were some slight but significant gender differences on some of the constructs 
measured. As hypothesized, the women in this sample were clustered at the high mathematics 
ability level, while the men were more variable in their mathematical ability levels. The women 
outperformed the men on the ACT-Mathematics subsection. 
Consistent with other studies, the women in this sample appeared to be multi-talented 
academically. The women had significantly higher ACT-English scores than the men in the 
sample, although their ACT-English scores were not nearly as high as the ACT -Mathematics 
and ACT-Natural Science scores. This suggests that the women in this sample had 
moderately high verbal ability, but their stronger abilities lay in the mathematical and scientific 
domains. 
This study found no gender differences in measures of mathematics self-efficacy, with both 
men and women scoring high on these measures. This finding replicates Lent, Brown, and 
Larkin (1984, 1986), who used a similar sample of students in science and engineering. 
Women in this sample reported higher levels of vicarious learning experiences than men. 
This was surprising, given the perceived lack of role models for women in engineering. 
166 
physical science, and mathematics. They were not asked if their role models were men or 
women, but apparently their role models were effective for this group of women. 
As expected, women in this sample had high grade expectations for college, which was 
consistent with findings by Whigham (1985) and Evans (1988). For the pre-college measure 
of grade expectations, women expected significantly higher grades than men. However, for 
the retrospective grade point expectations, men and women were not different. The 
retrospective measures indicated that men in this sample had similarly high grade expectations 
and goals, indicating that the effect may not be specific to women in engineering and related 
disciplines. Perhaps women entered college with higher grade expectations than men, but 
revised their expectations after entering college. 
Women were expected to have lower levels of interpersonal competitiveness than men. 
This was not true for this data, with women and men scoring in the same range on the 
interpersonal competitiveness measure. Perhaps women need to be as interpersonally 
competitive as men to even attempt a major in engineering. 
It was hypothesized that women would view the environment in engineering and related 
disciplines as less supportive and more competitive than would the men. The data suggest 
that there are not gender differences in perceptions of the environment as supportive, or 
perceptions of support from instructors. However, women found the environment to be more 
competitive than did their male peers. It is not clear why women, when compared to men 
described the environment in engineering as more competitive. Perhaps the women were 
more sensitive to the competition than the men in this sample. 
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As hypothesized, men and women differed in their life-style orientations and 
preferences. The largest percentage of men and women were categorized as having a work 
orientation. This was especially true for the men, with the majority of men classified as having 
a work orientation. The women were more distributed across the three categories of work, 
relationship, and leisure than were the men. Women were much more likely to espouse a 
relationship orientation than men in this group. A similar percentage of men and women were 
classified as having a leisure orientation. 
Similarly, while the majority of both sexes expected to work full-time throughout their 
careers, women were much more likely than men to expect to work less than full-time 
sometime in their careers. Women were also much more likely than men to see as ideal having 
a modified work schedule when children are young. Apparently the women expected to 
shoulder the responsibility of caring for young children. These findings suggest that as 
predicted, women were more concerned about integrating work and relationships/family 
commitments than were men. 
In summary, women in this sample on the average reported being confident in their 
mathematical abilities and they had effective role models in math-related disciplines. They had 
high levels of mathematical ability, and expressed interests in science. As a group, this sample 
of women appeared to be well suited to become engineers or scientists. However, they 
tended to view the environment in engineering as competitive. They also reported that the 
environment in these majors lacked support from instructors, although men and women were 
similar in this perception. 
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Persistence Status Differences 
Persistence status was correlated with measures of ability, self-efBcacy, support/barriers, 
and congruence. Of the two expectancy-valence measures, outcome expectations was 
correlated with persistence. 
The life-style orientation measures were uncorrected with persistence status. Women who 
persisted had similar life-style orientations and expectations as women who did not persist, 
suggesting that this was not an important discriminating factor in identifying women who 
would not persist. 
For many of the scales, persisters and nonpersisters differed. For all measures of ability 
(including those unrelated to mathematics, such as ACT-English and Social Studies), 
persisters outperformed nonpersisters. This suggests that students who persist in engineering, 
physical science, and mathematical college majors are more able students overall than 
nonpersisters. 
Corresponding to their higher scores on ACT -Mathematics, persisters also expressed much 
higher levels of mathematics self-efBcacy than nonpersisters. The finding that persisters and 
nonpersisters differed on measures of mathematics self-efficacy expectations was consistent 
with predictions. This study adds support to Betz and Hackett's (1981) hypothesis that strong 
mathematics self-efficacy expectations would facilitate persistence. Also as predicted, 
persisters had greater levels of personal performance information than nonpersisters. This 
could be because persisters spent more time in engineering and related majors, and hence had 
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more experiences on which to evaluate their performance. They also had on the average 
higher levels of mathematical ability, providing further performance information. 
As predicted, persisters reported higher levels of encouragement or social persuasion for 
their participation in mathematics. However, persisters and nonpersisters apparently had 
similar vicarious learning experiences. 
Persisters appeared to have more favorable expectations and experiences in engineering, 
physical science, and mathematics. Persisters were more likely to expect positive outcomes as 
a consequence of majoring in a technical major. They experienced the environment in 
engineering and related disciplines as less competitive and more supportive than did 
nonpersisters. A possible explanation for this finding is that persisters developed better 
coping mechanisms than nonpersisters for dealing with the environment in engineering, 
physical science, and mathematics. This study does not provide information about coping 
strategies, and fiiture research may explore this dimension. 
Persisters also viewed instructors in these majors as more supportive than nonpersisters 
did. These results were consistent with Evans' (1988) findings with a similar group of women 
in engineering. One possible explanation for these differences is that persisters and 
nonpersisters differed in their approach behavior with instructors. Perhaps persisters were 
more willing to approach instructors to ask questions and seek support than nonpersisters. 
The instructor-student relationship is bi-directional, and future studies should also consider the 
impact student approach behavior may have on perceptions of support from instructors. 
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It is not clear why persisters and nonpersisters differed in their experiences in engineering, 
physical science, and mathematics. One explanation is that the nonpersisters may have needed 
more support and encouragement to succeed, and found that the environment in engineering 
and related fields did not meet this need. Thus, nonpersisters may have been more sensitive to 
issues of competition and support than persisters. Another explanation is that the persisters 
and nonpersisters based their responses on dififerent time frames. The instructions asked 
participants to consider their experiences as freshmen, and respond based on these 
experiences. The persisters had longer exposure to these disciplines, and may have 
experienced more favorable conditions in these majors as they progressed to upperclassmen. 
Despite the instructions to consider experiences as freshmen, these students may have 
responded based on the sum of their experiences. Yet another explanation is that in actuality 
the nonpersisters received less support from instructors, and had a harder time competing in 
engineering. Perhaps instructors inadvertently focused more attention and time on the better 
students. These remain empirical questions, as these data do not allow exploration into the 
reasons for these differences. Future research should explore potential explanations. 
The group of nonpersisters left engineering for a variety of reasons. Frequently identified 
reasons included a change in interest, lower grades than expected, coursework not what they 
expected, and the curriculum program was too difBcuIt. These same reasons were also 
frequently selected as the most important reason for changing. A greater percentage of 
women identified change in interest as most important, and more men identified that the 
coursework was not what they expected. 
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Men and women who left the College of Engineering migrated to several other colleges in 
the university. The greatest number of men and women changed to majors in the College of 
Business. More women than men migrated to non-mathematical majors in Liberal Arts and 
Sciences, while more men ended up in the College of Design (many majoring in architecture) 
and the College of Education (many majoring in industrial education and technology). 
Gender by Persistence Status Interactions 
There were gender by persistence status interactions on two measures of ability; cumulative 
GPA and ACT -Mathematics. It appears that the women who left engineering and related 
disciplines were able to maintain a cumulative GPA on par with their female peers who 
persisted. This was not true for the men. Male nonpersisters had substantially lower 
cumulative CPA's than male persisters. These trends differed enough that the interaction 
between gender and persistence was significant. 
It is unclear why women and men differed in this respect. One explanation is that the 
women who left engineering and related disciplines left earlier than the men, thereby 
minimizing the impact of engineering, physical science, and mathematics courses on their 
cumulative grade point averages. There is theoretical support for this explanation. The 
finding that before college women expected to earn significantly higher grades than men 
suggests that women entered engineering with high expectations. If women were indeed 
imposing high standards for their grade point averages, they may have abandoned engineering 
and related majors when they did not achieve the grades they expected to receive. Perhaps 
women were more likely than men to be dissatisfied with their grades in engineering and 
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related majors. Although retrospective grade expectations did not differ for men and women 
in this study, the possibility that women had higher grade expectations than men still is of 
research interest. This study did not ask participants when they abandoned their engineering 
and related majors, and hence this explanation that women left earlier than men cannot be 
explored here. 
The interaction between gender and persistence was significant for ACT -Mathematics. 
The women who did not persist in engineering and related disciplines still had high 
ACT-Mathematics scores. This was not true for the male nonpersisters, who had considerably 
lower ACT -Mathematics scores than the male persisters. Thus, ACT -Mathematics level does 
not seem to predict persistence for women, but is predictive for men. This suggests that 
women were not leaving engineering and related disciplines because of lack of mathematical 
ability. 
The trends for men and women were also different for level of emotional arousal. All 
groups had mean scores tending towards low levels of emotional arousal. For the women, 
nonpersisters reported lower levels of anxiety associated with mathematics than did their 
female peers who persisted. Men who did not persist on the other hand reported higher levels 
of anxiety associated with mathematics than male persisters. Male and female persisters were 
not different from each other in level of emotional arousal. 
Prediction of Self-Efficacy Expectations 
Several hierarchical regression analyses were conducted to explore the relationships 
between ability, the four sources of self-efHcacy, and measures of mathematics self-efiBcacy. 
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The hierarchical regression analyses varied the order the variables were entered to compare 
the relative contributions of variables. Separate hierarchical regression analyses were 
conducted for the two measures of mathematics self-efficacy, MSE-COURSES and 
MSE-OCCUPATIONS. 
As predicted, the four sources of self-efficacy were correlated with each other. Three of 
the sources of self-efficacy (personal performance accomplishments, verbal persuasion, and 
emotional arousal) were correlated with the two objective measures of ability 
(ACT-Mathematics and cumulative GPA). These findings replicated those found by Lent, 
Lopez, and Bieschke (1991). 
Prediction of MSE-COURSES was much better than prediction of MSE-
OCCUPATIONS. The cumulative models were able to predict 40.46% of the variance for 
MSE-COURSES, compared with only 15.38% of the variance for MSE-OCCUPATIONS. 
This may have been due to the differences in content of the two outcome measures, despite 
being substantially correlated. The MSE-COURSES measure required less extrapolation on 
the part of students, because the confidence response was with respect to scientific college 
courses. These students already had substantial experience in college fi'om which to 
determine their confidence levels. In contrast, the MSE-OCCUPATIONS measure required 
them to rate their confidence in completing the educational requirements for technical 
occupations. Participants may be less familiar with the occupations, and the associated 
educational requirements. Also, the MSE-COURSES was more specific, asking about their 
ability to earn a grade of "B" or better in these courses, whereas the MSE-OCCUPATIONS 
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was general, asked about their confidence to "successfully complete" educational requirements 
for the occupations. For these reasons, the MSE-COURSES may have been easier to predict 
from the available measures than MSE-OCCUPATIONS. 
It appears that the most important predictor of mathematics self-efficacy was personal 
performance accomplishments. Personal performance accomplishments remained an 
important predictor of mathematics self-efficacy across all of the hierarchical regression 
analyses. For both MSE-COURSES and MSE-OCCUPATIONS, personal performance 
accomplishments added the most of all variables to the regression equation. Whether entered 
first or after ability, it remained the strongest predictor, adding the most to the regression 
equation. This finding supports Bandura's (1986) hypothesis that this source of self-efiBcacy 
would be the most important of the three. 
Ability also appears to be an important variable for predicting MSE-COURSES. In 
predicting MSE-COURSES, ability was a consistent contributor, no matter when it was 
entered into the hierarchical regression equation. Vicarious learning was also able to add to 
the prediction of MSE-COURSES above and beyond the contribution of ability and personal 
performance accomplishments. 
The other two sources of self-efficacy information, social persuasion and emotional 
arousal, did not add significantly to the prediction of MSE-COURSES. Lent et al. (1991) 
also found that these two sources of self-efficacy information did not add to the hierarchical 
regression equation. 
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In predicting MSE-OCCUPATIONS, ability added to the equation only when entered first. 
This suggests that for MSE-OCCUPATIONS the variance accounted for by ability is 
subsumed in the personal performance accomplishments measure. 
Contrary to findings by Lent et al. (1991), when gender was entered first, it was not 
significant in accounting for variance in mathematics self-efficacy. It appears that for this 
sample, gender is not an important factor. 
An interesting relationship between gender and self-efficacy was found in these analyses. 
As noted, when gender was entered first, it was not a significant contributor to the regression 
equation. However, for MSE-OCCUPATIONS, when gender was entered last, it's 
contribution was significant. For MSE-COURSES, when gender was entered last, its 
contribution approached significance. 
To explain these findings, consider that gender was relatively uncorrected with most of the 
predictor variables and the measures of mathematics self-efficacy. After the variance 
accounted for by the sources of self-efficacy and ability were partialled out, then the 
relationship between gender and mathematics self-efficacy was exaggerated. The variance 
accounted for by gender was modest in all analyses, but it reached significance when the other 
variance was partialled out. 
Multivariate Relationships between Variables and Persistence 
Variables predicted by social learning theory (Bandura, 1986), expectancy-valence theory 
(Vroom, 1964), and interest congruence theory (Holland, 1973) were examined 
simultaneously using logistic regression analysis. These variables were compared with ability 
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measures, and measures of support/barriers, in predicting persistence in engineering and 
related disciplines. A model building strategy was used to examine the relative contribution of 
each theoretical block to explain persistence, and a model was created to best describe the 
data. 
It was predicted that each theoretical block would contribute significantly to the model's fit 
to the data. The results generally supported this hypothesis. However, expectancy-valence 
theory did not add to the model after ability, contrary to predictions. Apparently the ability 
block encompassed variance otherwise attributable to the expectancy-valence variables. 
As hypothesized the remaining theoretical blocks (self-eflBcacy, interest congruence, and 
support/barriers) contributed significantly beyond ability to predicting persistence. Of all the 
theoretical blocks, the ability measures made the strongest contribution to the model. Even 
when entered last, ability surfaced as the best contributor to the model. The strength of the 
ability block's relationship to persistence suggests that ability is truly an important factor. 
Self-efficacy followed ability in it's relative contribution to the model. When entered first, 
self-efficacy's contribution to the model increased, but not greatly when compared with 
ability's remaining contribution. Self-efficacy and ability appear to share some variance, but 
each contributed uniquely to the model predicting persistence. 
The theoretical blocks of support/barriers and congruence each added to the model's fit to 
the data. The model with ability alone was not as accurate at predicting persistence status as 
the combined model containing ability, self-efficacy, support/barriers, and congruence 
variables. The combination model especially improved the accuracy of identifying 
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nonpersisters in the sample. To guide interventions, students at risk of dropping out of 
engineering and related disciplines need to be identified. The combination model was more 
accurate at this task, suggesting that for this purpose it is the superior model. 
The original theoretical blocks contained a total of 10 variables. A more parsimonious 
model containing a subset of 6 of these variables was created with minimal loss in the model's 
predictiveness. Importantly, this reduced model was as accurate as the full 10 variable model 
in identifying nonpersisters, suggesting that this reduced model may be substituted for 
identifying this group of students. 
When compared with pre-choice measures that are routinely available for students, the 
cumulative model containing the theoretical blocks was superior. Pre-choice measures of 
ability and interest congruence were predictive of persistence, but trailed the model containing 
the theoretical blocks in identifying nonpersisters. This suggests that intervention programs 
should not rely solely on pre-choice measures. Instead they should incorporate measures from 
the theoretical blocks to assist in the identification of students at risk of dropping out of 
engineering and related college majors. 
In sunmiary, a combination of ability, self-efficacy, support/barriers, and congruence best 
explained the data. Each of these theoretical blocks contributed uniquely and significantly to 
explaining persistence. Once students reach college, ability appears to be the strongest 
predictor of persistence in engineering and related college majors. When used alone, the 
ability block was almost as accurate in overall rate of correct classifications as the model 
combining all the significant theories. However, the other theoretical blocks contributed 
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substantially in identifying nonpersisters in the sample. If the goal of a model is to identify 
students at risk of dropping out of engineering and related majors, then the combination 
model is superior. The number of variables in the combination model may be reduced without 
losing accuracy in predicting persistence. 
Limitations of This Study 
This study surveyed men and women who started college in the College of Engineering. 
At the time of participation, students were juniors and seniors in college. Some sections of 
the survey asked participants to respond retroactively, commenting on their experiences as 
freshmen in engineering, mathematics, and physical science. Such retroactive responses may 
have been difficult, and may be contaminated with current experiences. 
Women were significantly more likely than men to participate in this study. While the 
response rates for women and men were respectable, the higher response rate for the women 
may have resulted in a more representative sample of women than men. Similarly, persisters 
participated at a higher rate than nonpersisters, suggesting that persisters may be more 
representative of the population than nonpersisters. 
Because the design was not strictly longitudinal, information about causation is limited. 
Some information was longitudinal in nature. The ACT measures of interests and ability, and 
first semester GPA were obtained before a final college major was selected. However, the 
other measures collected at the time of the ACT testing were not designed to answer the 
questions of this study, and may not have been adequate measures of the constructs of 
interest. This was particularly noticeable for the pre-choice measures serving as rough 
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estimates of mathematics self-efRcacy and certainty of college major/occupational choice. 
These measures did not contribute at all to the pre-choice model. Given that mathematics 
self-efficacy was an important construct for the other analyses, it is presumed that the 
pre-choice rough estimates were not adequate for measuring the construct. Thus, the design 
of this study was limited in explaining the causal relationships between variables suggested by 
self-efficacy, support/barriers, expectancy-valence, interest congruence, and ability. 
This study focused on mathematics ability with respect to persistence. However, other 
abilities, such as spatial ability are relevant when considering success in engineering, physical 
science, and mathematics (Humphreys, Lubinski, & Yao, 1993). Measures of spatial ability 
were not readily available for this study, but would have added to the study. 
Problems with the Life-Style Inventory may have limited its effectiveness in measuring 
life-style orientation. This may have accounted for the finding that expectancy-valence 
variables did not contribute to the model predicting persistence. Having a better measurement 
of this construct might have increased the impact the expectancy-valence block had on the 
overall model explaining persistence. Future studies should use the free choice version, or 
revise the directions to make the task more clear for participants. 
The proportion of persisters was much greater than the proportion of nonpersisters in the 
sample. The fact that the sample distribution was skewed may have impacted the model's 
effectiveness in identifying nonpersisters. Because more information was available on 
persisters, the accuracy of predicting persisters was substantially higher than the accuracy of 
predicting nonpersisters. To target interventions, the model must identify students at risk of 
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dropping out of engineering and related disciplines, and the skewness of the sample may have 
limited the model's ability to maximize classification of nonpersisters over persisters. 
Integrating prior probabilities into the model building may remedy this restraint, and future 
analyses should find ways to deal with this issue. 
The gender by persistence status interactions for cumulative GPA and ACT-Mathematics 
may have limited their utility in the multivariate model predicting persistence. In this model, 
first semester GPA was superior to either cumulative GPA or ACT -Mathematics as a measure 
of ability. This was especially true for ACT-Mathematics, which did not add to the 
combination of first semester GPA and cumulative GPA in measuring ability. Including 
interaction terms in the model may have increased its accuracy and fit with the data. 
Suggestions for Further Research and Intervention 
This study examined factors related to persistence in engineering, physical science, and 
mathematics college majors. The participants were women and men who entered the College 
of Engineering at Iowa State University. These findings therefore generalize to students 
similar to this sample. Replicating these findings with students who entered physical science 
and mathematics would offer comparisons, and would increase the generalizability of the 
study's findings. Therefore, a study replicating these procedures with another group of 
students would be beneficial. 
The analyses provided information about general relationships between the theories of 
interest. Research using different measurement tools and samples would increase 
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understanding of the relationships between theories and constructs, and would build construct 
validity. 
This study provided limited information about causal relationships between constructs. 
Using a longitudinal design would eliminate some of the problems of this study, and would 
provide information about causation. 
Abilities such as spatial visualization may be important for success in engineering, physical 
science, and mathematics (Humphreys, Lubinski, & Yao, 1993). Measures of spatial 
visualization were not included in this study, but may have added to the ability dimension. 
Future studies may consider integrating spatial visualization to assess ability. 
Results from this study suggest directions for intervention. At the college level, women 
and men in engineering and related disciplines appear to be quite similar. Therefore, 
engineering programs should evaluate how their structure and environment impact all of their 
students. Interventions therefore should address concerns of students in general. 
Programming should emphasize components that build mathematics self-efficacy and provide 
support to students, especially those at risk of dropping out. Changes in the environment in 
engineering, physical science, and mathematics may also help decrease the number of students 
who drop out of these majors. Emphasizing cooperative instead of competitive learning may 
help with this goal. 
Given that the number of women who attempt engineering, physical science, and 
mathematical majors is still small, the loss of about one-third of them through attrition in 
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college is of concern. Interventions targeting the specific needs of women in these disciplines 
is still warranted. 
Instruments measuring mathematics self-efficacy, interest congruence, and support/barriers 
would add to ability measures in identifying students at risk. Accurate identification of these 
students would help programs focus specifically on the needs of these students. Additional 
measures not included in this study may be identified that would add to the accurate 
identification of these students. 
First semester grade point average was important for predicting persistence. This suggests 
that students' initial experiences were pivotal to their later decisions to persist or not persist in 
engineering, physical science, and mathematics. Interventions during and after this first 
semester may be appropriate. 
Intervention programs should include some academic assistance to students at risk of 
dropping out of engineering and related college majors, thereby helping these students achieve 
adequate grades. Advisors should also be cognizant that first semester GPA is related to 
persistence, and work closely with students with performance problems. Because students 
may have high grade expectations and goals, advisors and faculty could work with students to 
develop realistic grade expectations for engineering and related college majors. 
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DEPARTMENT OF PSYCHOLOGY 
IOWA STATE UNIVERSITY 
Doujltt L Eppertoo. Aaocile Profettor 
FiycboloQr DeptniDeac, LS.U. 
Astet, Iotx soon ' 
Pbooe(5l5)»*-2M7 
April 1.1992 
Dear Iowa State University Student, 
We need your help in this important study of students* experiences in engineering, 
mathematics, and physical science majors at ISU. You have been sel&:ted for this study 
because of your on^al plans tc m^or in engineering, chemistiy, computer science, 
mathematics, physics, or statistics wten you entered ISU. 
"With projected shortfalls of engineers, mathematicians, and physical scientists in the future 
workforce, it is critical that we understand your reasons for either persisting in your original 
major or changing majors. This study is supported by the Department of Psychology, the 
College of F.nwneering, and the Office of me Provost. While the two invesugators are the 
only people who vrill have access to the actual data, summary results will be shared with 
adnunistrators and faculty in engineering, mathematics, and the physical sciences. This 
information could be used to improve experiences for fUture ISU students. 
If you participate in this stucfy, you will be asked to report some basic facts about yourself 
(e.g. college major), and to respond to a survey which takes 30 minutes to complete. The 
survey will ask you about yourself and your ex^riences at ISU. 
CONTIDENTIALriYAND CONSENT 
AH of your responses ^ill be kept strictly confidential. Your answer booklet will be coded 
with a number to assure confidentiality. Only group data will be reported and analyzed. 
To further understand your background, we ask your permission to obtain your ACT file 
and GPA from university records. Your name and social security number will only be used 
to match up your responses with selected university information for this research. Then 
your name and social security number will be erased from the file. 
QUESTIONS 
Please contact me if you have questions about this study. My phone number is (612) 627-
4354. You may also contact ny advisor. Dr. Douglas Epperson, at (515) 294-2047. 
Please accept the enclosed gift as a token of appreciation for your time in completing the 
survey. Thank you for your time and effort in tnis important study. We would appreciate 
your prompt return of the completed materials, as directed on the questionnaire. 
Sincerely, 
Kate Schaefers 
PhD Candidate 
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DEPARTMENT OF PSYCHOLOGY 
IOWA STATE UNIVERSITY 
Douflu L. Eppcnoe, Aoodatc Piofeaar 
Prjcboiofjr Dcptmaeat, LS.U. 
AmeCilOTH 30011 
Phooe (515) 2«.2047 
April 1,1992 
Dear Iowa State University Student, 
We need y^our help in this important study of women's experiences in engineering, 
mathematics, and physical science majors at ISU. YOB have been sdected for this sta(fy 
because ofyoor ongbuU pUns to major in enpneeiing, chemistry, computer science, 
mathematics, physics, or statistics when you entered ISU. 
Withprojeaed shortfalls of engineers, mathematicians, and physical scientists in the future 
workforce, it is critical that we understand your reasons for either persisting in your original 
major or changing majors. Because the number of women who major in these Gelds is still 
relatively small, your input is especially important in this study. This study is supported by 
the Department of Psycholoo', the College of Ençneering, and the Office of the Provost. 
While the investigators are the only people who w# have access to the actual data, 
summary results will be shared witn administrators and faculQr in engineering, 
mathematics, and physical science. This information could be used to improve experiences 
for future ISU students, especially women. 
If you participate in this studty, you will be asked to report some basic facts about yourself 
(e.g. your current college major), and to respond to a survey which takes approximate^ 30 
minctes to complete. The survey will ask you about yourself and your experiences at ÏSU. 
œNFIDENTDULHYAND CONSENT 
AH of your responses will be kept strictly confidentiaL Your answer booklet will be coded 
with a number to assure confidentiality. Only group data will be reported and analyzed. 
To further understand your background, we ask your permission to obtain your ACT file 
and CPA from imiversi^ records. Your name and social securi^ number will only be used 
to match up your responses with selected university information for this research. Then 
your name and social security number will be erased from the file. 
QUESTIONS 
Please contact me if you have questions about this soidy. My phone number is (612) 627-
4354. You may aJso contact my advisor, Dr. Douglas Epperson, at (515) 294-2047. 
Please accept the enclosed gA as a token of appreciation for your time in completing the 
survey. Thank you for your time and effort in tnis important study. We would appreciate 
your prompt return of the completed materials, as directed on the questionnaire. 
Sincerely, 
PhD Candidate Associate Professor 
Douglas L Epperson, Ph.D 
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APPENDIX B 
SURVEY QUESTIONNAIRE 
Survey Questionnaire Cover Sheet for Men 
SurvQ' Questionnaire Cover Sheet for Women 
Consent Form 
Survey Questionnaire (Form A) 
Demographic Information and Grade Expectations 
MSE 
Mathematics Sclf-Eflicac>' Courses (Items 1-29) 
Self-Efficacy for Technical and Scientific Fields (Items 1-15) 
SSE 
Personal Perfomance Accomplishments (Items 1, 5, 10, 15, 19,22,28,33,38,41) 
Vicaious Learning (Items 2,7,11,20,25,26,29,34, 39,45) 
Social Persuasion (Items 3,8, 14, 16,21,27,32,37,43,46) 
Emotional Arousal (Items 4, 9, 13,17,23,31,35,40,44,47) 
Interpersonal Competitiveness (Items 6, 12,18,24, 30,36,42,48) 
CES 
CES-Teacher Support (Items 1, 3, 5,13, 15, 22, 24, 27, 35, 37,44,46,47,48) 
CES-Competition (Items 2,4, 12,14,16,23, 26,34,36,38,45) 
Social Provision Scale (Items 6, 7, 8, 9, 10, 17, 18, 19, 20, 21,28, 29, 30, 32, 33, 39, 40, 41,42, 
43, 49, 50,51, 52) 
CTA 
Outcome Expectations (Items I-15,17, 18, 19,21) 
LSI 
LSI Work (Items 1, 6, 7, 11, 14, 16, 21, 24, 25, 30, 31, 36, 39, 40,45) 
LSI RclaUonship (Items 2, 5, 8, 12, 13, 17, 19, 23, 26, 29, 33, 34, 38, 41, 43) 
LSI Leisure (Items 3,4, 9, 10, 15, 18, 20, 22, 27, 28, 32, 35, 37, 42, 44) 
Comments 
208 
À STUDY DJ 3N 
1HE3N12:R3NG, MATHEMATICS, 
AND PHYSICAL SC31NCS 
MAJORS AT 3§U 
SÎ-EIH®, a®52 
PLEASE RETURN QUESTIONNAIRE PACKET VIA: 
(1) U.S Mail 
(2) Engineering Student Services Box, next to 101 Marston 
(3 )  Department of Psychology, W112 Lagomarcino 
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AMD ?3Yg]CAL S€]EMCIE 
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PLEASE RETURN QUESTIONNAIRE PACKET VIA: 
(1 )  U.S Mail 
(2) Engineering Student Services Box, next to 101 Marston 
(3 )  Department of Psychology, W112 Lagomarcino 
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CONSENT FORM 
To understand your background, we would like to ask permission to obtain limited information that is 
available in urrversity records. All information will be kept confidential. THIS INFORMATION IS 
IMPORTANT TO THE STUDY, AND WILL HELP MAKE THE RESULTS MEANINGFUL 
Please read the following consent statement. If you agree to allow us to obtain the informatkjo 
mentioned, please sign below. Your social security number is required to retrieve the needed 
informatton. 
In addition to the informaton I provide on this questionnaire, you have my permission to 
obtain my ACT file and my GPA from university records. I understand that any information I 
provkte wai be kept confidential. 
SIGNED DATE, 
PRINTED NAME: 
SOCIAL SECURITY NUMBER: 
If you do NOT want to grant permission to obtain ALL of the requested information from 
university files, please sign above and check any of the folkjwing exclusions that apply: 
You may NOT obtain information in my ACT file 
You may NOT obtain my GPA 
If you would Bke to receive a summary of the results from this study, please print your name and 
a permanent mailing address betow: 
This form will be torn out of the questionnaire booklet when w# receive your 
Questionnaire. 
A 
2 1 1  
EXPERIENCES IN ENGINEERING, MATHEMATICS, AND 
PHYSICAL SCIENCE MAJORS AT ISU 
A. BACKGFOUNDfffOf^ TlON 
What is your age? 
How many years have you been in college? 
What is your gender? Female Male 
B. MAJOR CHOICE: 
1. Please specify your current major 
2. Is this the major you began with at ISU? YES N0_ 
If you changed majors, please answer the following questions: 
(H you did not change nujort, skip this section) 
What majors did you have while at ISU: 
1st major 3rd major 
2nd major 4th major 
Indicate your reasons (or changing majors. In Column A, mark ALL that appfy; in Column B, 
mark the SINGLE, most important reason for leaving your previous major. 
MARK ALL MOST 
THAT APPLY IMPORTANT 
A B 
Change in interest 
Curriculum, program too difficult 
• Required too much mathematics or science 
Few career opportunities: prospect for future earnings poor 
Coursewoik not what I expected: did not realize what it was about 
My grades were tower than I expected in this major 
Classes were more theoretical than I expected 
Other: 
Are there things that your freshman major department coukj have done to keep you in this 
major? 
How is your CURRENT major cSfferent from your FRESHMAN major? 
1 
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0. GRADE EXPECTATIONS 
Most students have some expeoatbns about the grades they will receive in college. Please put an *X* 
under the grade you expected for each question. 
D*/D D/C" C*/C C/B" B*/3 B/B+ A-/A 
When you entered coHege, what GPA did 
you expect to receive? 
When you entered college, what would 
have been the MINIMUM GPA that would 
have been acceptable to you? 
If you were to start college aB over. 
knowing what you do now, what GPA would 
you expect to receive in coSege? 
If you were to start college all over, 
knowing what you do now, what is the 
MINIMUM GPA that would be 
acceptable to you? 
EGARER EXPECTATIONS 
1. What is the highest degree you expect to earn? 
Bachelor's Degree Master's Degree 
Doctorate Degree Profession  ^Degree 
Other 
{e.g. Law degree, MD, DVM) 
2. At this time, what are your long-range goals; that is, what field do you intend to enter, 
and what type of position do you intend to obtain? 
Field: 
Position: 
Do you expect to work full-time throughout your career? 
Yes No 
What wouW be your IDEAL work afrangement, with respect to full-time 
and part-time empkjyment? 
2 
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Mse 
A. Please rate your confidence in your ability to complete the following courses with a grade of "8" or 
better. Use the 10-point scale below, with "I" indicating 'rx) confidence at all" and "10" indicating 
"complete confidence." 
No confidence Complete 
at alt Confidence 
1 2 3 4 5 6 7 8 9 10 
1. Advanced Calculus 
2. Computer Science 
3. Business Administration 
4. Biochemistry 
5. Calculus 
6. Zoology 
7. Accounting 
8. Geometry 
9. Algebra I 
10. Algebra II 
11. PhBosophy 
12. Basic College Math 
13. Statistics 
14. Physiology 
15. Trigonometry 
16. Economics 
17. Topology 
18. Complex Variables 
19. Multivariable Calculus 
20. Numerical Solutions 
21. Differential Equations 
22. Linear Algebra 
23. Abstract Algebra 
24. Real Analysis 
25. Theory of Matrices 
26. Graphs and Networks 
27. Combinatorics 
28. Modem Physics 
29. Classical Physics 
B. Please rate your confidence in your ability to successfully complete the education and/or training 
required to enter each of the occupations listed below, assuming you were motivated to make your 
best effort. 
No confidence Complete 
at all Confidence 
1 2 3 4 5 6 7 8 9 10 
1. Aerospace Engineer 
2. Agricultural Engineer 
3. Architect 
4. Landscape Architect 
5. Astronomer 
6. Chemical Engineer 
7. Chemist 
8. Statistician 
9. Civil Engineer 
10. Computer Scientist 
11. Electrical Engineer 
12. Geologist 
13. Mathematician 
14. Mechanical Engineer 
15. Physicist 
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FOLLOW-UP POSTCARD AND LETTER 
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Just a 
^ reminder 
i 
Have you completed your survey of 
your experiences in Engineering, 
Mathematics, and Physical Science 
majors at ISU? 
If you have, THANK YOU! 
If not, please take the time to do so. Your input is 
critical to the success of this study! 
Kate Schicfen, Ph.D Candidite Douglu L. Epperson. Ph.D OcpL of Psychology 
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DEPARTMENT OF PSYCHOLOGY 
IOWA STATE UNIVERSITY 
May 1, 1992 
DoufUt L Eppcnoo, Aaodiie Proleaor 
Pijthoiop Deputmeat, LS.U. 
Aski. kwi 30011 
Phone (515) 29(.%X7 
Dear Icwa State University Student, 
A few weeks ago, we sent you a questionnaire for a very important study of your 
experiences in engineering, mathematics, and physical science majors at ISU. 
If you have not done so, please take the time to complete your questionnaire. 
You were selected for the study because of your original plans to major in 
engineering, chemistry, computer science, mathematics, physics, or statistics. 
Few students attempt these majors, and it is critical that your experiences are 
represented in this study. Whether you later changed majors, or stayed with 
your original major, we need your input. Your feedback will offer valuable 
information to ISU, to help shape the experiences of future students in these 
majors. 
The questionnaire will take only 20-30 minutes of your time to complete. For 
your convenience, another copy of the questionnaire is enclosed, along with a 
postage-paid return envelope. 
If at all possible, please take 20-30 minutes to cœçlete the questionnaire 
today. Your input is critical to the success and informational value of this 
study. 
OORFmSSTIALITY AHD CONSENT 
All of your responses will be kept strictly confidential. Your answer booklet 
will be coded with a number to assure confidentiality, and the signed consent 
form will-be removed. Only group data will be reported and analyzed. 
To further understand your background, we ask your permission to obtain your 
ACT file and GPA from University records. Your name and social security number 
will only be used to match up your responses with selected university 
information for this research. Then your name and social security number will 
be erased from the file. 
Please contact me if you have any questions about this study. My phone number 
is (612)627-4354. You may also contact Dr. Douglas Epperson at (515)294-2047. 
QOESTIOBS 
Sincerely, 
// 
Kate Schaefers 
Ph.D Candidate 
Douglas L. Epperson, Ph.D 
Associate Professor 
